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ABSTRACT 

This research is to improve an o peratin ~ efficiency o f out-patient c.,-'rv ice sys tem: a 

case study of Samutprakan Hospita l . Researcher studies a current serv ice systern and 

collects im e between arrival of patients and service t imes in eac h process, includin~ \Se ttin ~ 

queue card, c heckin ~ case history, monitorin~ pressure, recordin~ history, screenin ~ before 

dia~nosin~ , d ia\S n osi n~, scree n i n~ afte r dia~n os in \S , and ~ettin ~ next appo intmen t card. Then, 

researcher analyzes the related da ta in order to identify causes of prob lem and develop a 

simulation model for the out-patien t service system usin~ Arena Simulation pro~ram and 

researcher also compares the ave ra~e total cycle times of the patients hctween the current 

and new service systems The main problem in the cu rrent service syste m is that patients 

have to w ait fo r a lon~ period of time. The major cau se o f this problem is an inefficient 

hospital appointment system. Researcher sets up a new appointment system by d ivid in ~ 

appointment time into 5 intervals, o ne hour for each interval, and makin~ appOintments for 

50 patients in each intervals from 250 patien ts per day and also reduces workin ~ time o f 

nurses about 30 minutes. The resul t s of this research are reduction of the ave ra~e total 

cycle times of three ~ro ups of patients for more than one hou r. Avera~e total cycle times o f 

pa tients with blood tes t, with X-ray, and \Seneral patients decrease by 33.06%, 44.04%, and 

7062%, re spectively. 
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UV1Vl 1 

o 

'UVl'U1 

1.1 flll~JbtJ'Wm bb~:;fllllJ&h~I~'U€l~iJ ~'Vll 

L 'l ~ 'W!Jl'Ul ~ bb~:;(1 (1l 'W'W1Jl'U I ~ btl'Wu~Anl 'lvi (1)1 bU'W~I'Wr;1I'Wnl'lllYfVlcJ iJ'VlUlift~'U~nl'lm51'lru'1'U 

VI nr;1I'Wbb r1U'l:; '1lI'U'W -X.:Jr;1I'W m'l~~ l(l~lJ(I'Um'W m'lUEl.:J n'WL 'lfl/ml:;l~c.mium 'lbn(Y1L'lfl'Vl~u~n~ru:;vi\J:;, , 

v , 

El ·:lflm'l bb~ :;nl'llVI'U~nl'lmtJ'W8n8~Anl'l 'Wu n\J1 nu cJ~ltl'W(I(1l'Wvm nu'U'llJ~Am n'lr;1I'Wnl'lll'W'VIcJll~:; 

?l1 5 1 'lru~'~ ~,mVi\l'W nl'l~n~1 m 'l A'W?1')1 bl~:;nl'll~tJlw~I'Wm'lll'WVlcJ ~TlJnI'l?l151 'HU~'U bb~:;~l'w5'W'1 

~ b~ mileN 1'Wm'l~ \J:; bUn 'lJUruVll b l~:;m 'l~~'WIArum'W~l (i1'U El~U'l:;'UI'U'W'lllJ1u~.J m'l?l ~1~fllllJ~.J 'Well \J 
v , 

nl'llVI'U~n l'm~:; m'l~(Y1nl'l b Yi€ll VllnVlfllllJ(1:;mn 'll(Y1l~l 'lllJ1U~~ nl'll.;rVl ~'Y'ltJ lm1r;1m.h ~~lJAI bb~:; bn(Y1 

tl'l:;Lu 'lJ-U?l>l?l Vi" , 
v, v 

b ~'V'I fJ 1'Ul ~(1l-!VI'lU 'll nl 'l btl 'WLH\'~tJl'Ul~'U El~mfl-r~ li1~El~ l~'UY1 71 v11'U~Ul ml1 elll.nmiJeJ~ 

~.:mlVi(1l-!VI'lU'llnl'l iJl1iu~u'l:;mru 281~ iJ~I'WlUliiltJ~ 385 liiltJ~ ~1'W1Uel(il'llnl~~~flmm 'lllJ-X.J~'W 

1 ,408 A'W (ilmm ru tJ 2555) ~1'Wl'W~tJltJ~lJl1i'U~nl'l'Uu~b~'Wtn'Ul~iJ<;)I'Wl'W~mn~'WVlntJ l'W'Uru:;~
"" , 

In(irUtlj 'v4 1 fIlllJ ~1.;rI'UeJ~ m :;'U1Unl 'l1VI'U~nl'll'W.ff'W(il8Uvh~ '1 ~'WL(Y1tJ ltl'Wl:;1'W"l'W'lJ El.J ~tJl tJ'Wu n uj;.Ju nell ~ 

'In'l'llJ ~~iJ~tJltJlJl1i'U~ nl'l btlU<;)I'Wl'WlJln~(I(Y1 ~wh1 Vlln(Y1uru'Vll nl'l'leJAumlJullm 'WlU btl'We.J~1~~thtJ 
~ ~ ~ ~ 
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mJYI ~ tJ 'll nl 'J bnVlfnl :lJi:il'lh, 

2 . b~€JClBn bbUU bb~~,jl bf'1t1mbtI~bb tIlvm1tlnl'lLJ -ruLJ'l-:l 'J ~UUnl'l1,xu~nl'J~u1CJtlB n 1 tI1J~~Utl , v , 

LVlLJ nl 'J LJ 'j ::; ~ n li11 'ubL uu ~l~ B~f'1flltlnl 'j rU'V B-:l'l~UU nl 'J'l,xU~nl 'lvl1 CJ LLJ'lbbm:lJBl~til 

3 b~ B b LJ~ tJ UbV1CJuLJ'l ~~ YlG iIlYi 'U 8 -:1 'J~UU nl 'l 1 ,xu~ nl 'l ~U1 CJtlB n 1 UU~~UW1Ud~U u~LJ -ruLJ 'J -:I1VlJ.J" , , 

4. b~mUtibb tl1Yll-:l 1 tlnl'l~Vl 'j~ CJ~ I1~ l 'l l:lJbt:l~CJ1tI'j~uu'U 8-:1 ~U1tJtTVlLb(;]~~LJ'l~U'Yl 1 tlbb t-l tlnBl~ 'j 

n 'l'l:lJ LVlCJJJ b{hlll:lJl CJ1tl nl'l~Vl'l~ tJ~ II ~l 'J1:lJLt:l~CJ~-:J~lnL~:lJ mh,n J8CJ 1 .;{lL:lJ-:I 

1.3 'UBUL'tI(7l'tlB'l'lltll~t1 

-:ll tll ~CJffiJJf'1l:lJl 'j fli'\m~Jl11i1l tlYl n 1 ~ltl 0~CJ~-:I'U 8 fh'v1t1Vl'UBUL'V (7l1mltll~CJ-d ~-:I-d 
1. r1nijl LtlYil~ m~Ultlnl'j nl'j1ViU~nl'j~thLJtl8mU:.Jtlmll CJ'Jm'jlJ~JJnl 'jtT(?)'v1:lJlCJ bVll JtI 

v , 

3. ~~ 'Ill 'j rul'j~uuvh~~l~ 8-:1~tl LUti'j:::;UtI1tlqVl:lJfl~ 1JJJJ~th CJ~v1B-:I L'Il l:::;b~ B (?) 'v1~m5 n<6mJ~l'v1~-:I 

nl 'J V'lUbb YiYl~ 

4. 'Illn'J:::;UU nl'j1 ,xu~nl 'j ~th CJtlBn~~l~B-:I~tl1'v1JJ ({ltl'lJ 8~YI-rYiCJlmvn -i5'1l ~1J.J~ 'Il l'j(lJl1tll'" C) -:J 
v 

v v 

2556 'll:lJ'j~tJ~nmVi'-:J~ tI 5 b~BtI 

1.4 'lhdtl'tiU~fll~'.h'iJ~1J11u 

1. ?l l:lJl 'jfllbA 'J l :::; Vi'v1l f'1l L'v1(7l'U B';l'u ru'v1l~bnVl~tl1ti'j ~UU nl 'j 1 ,xu~nl'j~th CJtl tlmL~ tI ntllLJ'j m'jjJ 
" "" \J' 

'V 8-:1b-:JYiCJ lUl(1?111Yl 'J LJ 'j l nl'l 

2. 1~bL tIlYll-:J1t1 nl'jv1l bUtlnl 'J b~mll1LJ~ nl 'l(1V1d~CJ ~ n~l'll:lJbt:l~CJ11.Jd~uum 'l1VlU~ nl'J~thCJ 
" v 

tltlnLbt-ltlnmt{'jn'J 'j jJ 

3. ~1 tJtJ-ruLJ'j-:l'J ~UUnl'j1,xu~ nl'j~U1LJ tl tlmb~tlntlltJ'jn'J'j:lJbb~~b~:lJfnljJ.y;-:lYi81'1l1Vlbb rl ~thCJ~m 
, \J' \J 

1-i5u~nl'j 

4. ?ll:lJl 'j fl1 -i5LUtibb tIlYll;j11 ..Jnl 'jLJ -ruLJ ~ ;j'j:::;UU nl'J1 VlU~n l 'j i.'1l6l 'Jru~'U~ tl 1 L~my)jJtJ'J ~~Yl5i1lYi 

nl'J1,xU~nl'jLL(1 ~ tJ m~~Um(1l'j]ltlnl 'JU~ nl'ji.'1li5l 'j ru~'V'Vtl-:lL'j ;jYimUl~i.'1~YI 'j LJ'llnl'J 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



d 

UVlVl 2 


d .Q,vd.::i!il 
'Vltl't~1D bb~:; 'lTU1 'IltJ'Vl bmn"lJ el 'I 

'l'Unui~tJi:luud ~l~EJ'l~n(1'll(1,m 'UlAA Vl~'tJD LL(1~[;j~"Il'Ul~eJ <\ntl l-Vtl"lnU nl'jl U;'1'jl~v1'j::;UU 

LLm AtltHL(1::; nl'jlll~ eJ"I 'j::;uu (Simulation) L~mU'U LL'Ul Yll"l1'Unl 'j~n'tJl bL~::;M-VBlJ mll "IB"I~611lJl 'j(1 UllJl 
\J 

2.1 'V1~'tJ5bW1rlBtJ 

YI~ '\:IDbLmABtJ (Queuing Theory) ffi~~~'UllV1tJ LBLfUBB~LL~"I (AX i rlang) ~"ILu'Ui~lm~l'U 

lVl'jf'1~v1 LL~::;LU'U~L~lJ "v~~'Ul~'U1'UtJ ~.f'1. 245 3 L~mLnlhuVllnl 'j <HlY'1 1JtJ'1J eJ"Im.v1Vl'j~\,'fvl~m ~lA bU'Ub ~ 
\J ..., '\J , 

Ln'U U ::;lYI ~bV1'LJlJl ~n AB'llnt1'U nt~lJ~'~l nl'j~ n'tJ1Yl~'tJDLbmABtJ LL~::;U11uU'j~~n(l11m'URn 'tJru::;5'U '1 

mJl "Inll"l'1Jl 1"1 ~"I1m::;uunl'j[;j~(l1 (Manufacturing System) Vl1m'w 1 U(1"1'j::;UU"Il'UA1"l '1 1'U~l 'Unl'j 

U~nl'j (Service Syste m) L'1i'U nl'jL-V1Lbt:11'jB~BB1V1l'j nl'j'jB1UtJlmEJ1'Uh"lvW1Ul~ nl'j'jB:ruU~nl'j1'U 

6'Ulfm nl 'H-VlbLt:1 1 B'1JB"I~tJltJ~L-Vl-rU nl'j(l1'jl'l-rn'tJl~lwI'W11Jl~ L u'U(i)'U 
\J 

nl'j'jtlABtJ (Waiting) LtJ'UL~B'U1'1J~bnV1~'UL~B0oiiU~nl'j~B"I'jBVl1..i1C)1'lXu~nl'j b~BWlhEJ1'lXu~nl'j 

hi?lllJl'j(11'IXu~nld 1MI'U 6bt:11ABtJ (Queue) LnV1~'U b~BAlllJlfItl"l nl'j-ruu~nl 'jil lJl n nllAlllJ?illJl'W1'U 

nl'j1'lXu~n l'j bL~::; bu'U?lmVi~ LnV1~'Ub~B"I 'llnlJnl'j'j tlA 1JEJ b~tl-rU U~ nl'j ~"Iil?il LVI ~lJl'llnAlllJhJ LLU'UB'U 

·tJB~e)(l1'jlnl'j b-Vl-rUU~nl 'jLL~::;nl'j1'lXu~nl'j illmhmt:11AtltJ~ViU L~U1~'U~1(l1u'j~IlT1'U L'U'U n ldL.ulLLt:11 

AeJtJ1.uu~nl 'j'1J cH 6'U1A l'j LL~::; nl'jL-VI LLt:11~~Vl::; bDtJ'U'1JB-ltJn~n'tJl 

YI~'tJD LL(11 ABC) L U 'UVl~'tJDYilJl'llnnl 'jl Lml::;v1nl'j'jtlA 1JEJ'1J tl"l~lJl -ruu~ nl'jVl1 tl~nfh (C us tomer) 

~lJl1-VU~nl'j'llnm'IXu~nl'j (Server) lV1C)ilnl'j~-lLu'UbLuU~l~mA rul'l~l61l'1{ LYiBHit'Unl 'jl Lml::;v1'j::; uu 
" 

1'IXu~nl'j LU'U~'U 

iJruVll LLt:11ABc) LU'U~"I~m L~'Umn.'U~il'lu'j~1l1l'U L'tl'U n l'j L-Vl bLt:11AtltJb~B'jtl~lm~'U1 'U'IlU bUtl{lJl
~ \J , 

, I , , 

Ltll'l nl'j'jtl-ruu~nWVl6'U1Al'j nlwiJlbLt:11L'v:ltl~"ImV1l'jl'lllJ~l'UmV1l'j'll'U~l'U (Fast Food) VI~mA1B"ID'U 

~dB~-l'leJV1~?I'UllJD'U LA~B"I~m'jBnl'j'litllJ Vl1BLB n?ll'j~'jtlnl'j~lJYi btJU~'U lm::;uuLbmAeJtJ~nA1Vl1tl
\J 
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(Se rver) m\l~;; 6,jt!f1U l'IJU V'i'Un~lt!5t!lAl'.i YI'Un~lt!lrhH~U~'I1tlL1Ju4m4l1'1V1 VI~mtJulA~u~~n'l l'tJU 

lA~B ~ AT l <tU JiU llt:llAutJ\l:;lnVl;ul~m)c;1'.ilmwih-ruu~m'.i?l~nlltlmlnl'.i1Viu~m'.i m.h~blmlJ 1u 
\J 

n'i)n l'JVI;j~ '1 \l:;hJlnVlllt:llAtltJ'.iu~UU~nl'.i(il~uli1nm l~U nl'.i~lm~U~'I1tl ltltl4m1lnV1 \l:;lnli1llmAutJUl ~ 

~l-ln(1l l~u "J -l n~ll8U1U1U5 '.i'.ilJ(i)llli:l:;nm~lu~lVl~U1Ululrll~-mVi(iltJ l~u-1 ~ll n1U~l ~ll~l~~ n~ll 

eJ(il'.il fll wih -ruu~m '.i\l:;?1~ nll eJV1'.il nl'.i1Viu~ fm llfnAtltJ~-1lnVl~UL~u-1'Jl nAllJJhilltluuU'iJu~ m '.iLoUl'iu 
" 

" 'lJu-1V!tlltJ~lU'l1U'l (ni:ltJl llU'lJ eJUC1J'lJl , 2544) 

llfn Ae:JtJ mL-U1u nl'.ii LA '.il:;'v1 m J~llUU~lU'iJ u~'.i;;UU 'lJ'.i;; ntlU1uJ1ltJu~fitl'.i:; n tlU ~ ~lAC1J 3 ~lU ~~ lLrlli1-1 

1ufllyj~ 2.1 

1. f\nfllv(8 ~m~UU~nl '.i (Customers)
" " 


2 Llm AB tJ Vl1ufll (Queue V!~u Waiting Line) 


3 VltlltJ1Viu~m'.i (Serv ice Facility V!~u Server) 

:"!" I I I:' ~ I 1 I'.; ' , • • 

1. 'iil'UlUtl'.i;;'lJln'l (Population) AB ~vimtlnl?l'i):;LilJJl1.uu~nl'.il'U'.i:;uu llt:llAtltJ ~--1 '.i;;UU 

LlfnAe:JtJUl.:J '.i;;UU'i)~lJ~vi?llJJl'.imilml'LI'.i~UUMLtJU;hulUJJln l'th.! 5UlAl '.i 1HVWlUli:l LtJUJiU n'lrud 
" 

r 
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b-:J-:J1U~ (l) -:J 'tl8lJ jj\llUlU 10 LA~El-:J dJwiiu ~ -:J1Un1'.ilLA'.i1::;'V1'.i::;'U'ULlmAElI'J JlEl-:J?lllJl'.i()'j::;~~ -:J\llUlU 

'lJ'.i ::; 'lll mhJ ~::; JuJu11v1-jliJ~m~ru::;lL'U'U\llnVlVl~tl1~\llnVl 

2 l(r)1j ru::;nl'.iL.u1m~UU~nl '.i (Arrival Character is tic) L~Bn~lJ'lh::;'1J1 mjjm1lJJlB-1nl'.i1«iu~nl'.i 

n\l::; L'~llJl ~ l::; U'U ~-:JJltl-:JY;\l1'.iru1 ~n'\::l ru::;nl']L«i1m~U\J~nl'.i ~-1B1\l\l::; LUULLU\J1VlllUUVI~-:J v1-:J11 
" 

2.1 nl'.il.u1m~UU~nl'.illUUA-1~ (Constant) AB ~nA1l«i1m~UU~nl'.i1u\ll'UlUlvl1 1 nu 

VI~B1uel(f)'.i1~i,'nh6'1lJB1Ull~" ::;~l-:Jllm l~U lUfI::; 250 AU VI~B 10 AU'V1n1 illlJ-1 VI~B~nA1L«illJl1u 

b-:J-:J1U~(f)(llVlm'.ilJ 

2.2 nl'.iL.u1lJ1~U'U~nl'.iLLUU~lJ (Random) Atl ~nfhYiL.u1m~'UU~nl'.i JJ~n'\::lru::;vthiLLU 

UtlU Llfl::; lJJ6'1Jl l6'1lJ tl 1JJ?I 1m'.i 1:l'Vl'.i 1U~l-1V1Ul lLfI::; nl'.i L.u1lJl ~'U'U~nl '.i'1J tl-:J" nA1ll~ fI ::;'.i1 I'J 'Il::;lJAlllJ l UU 
" 

VlUltJllm l't1U '.i[JI'JUill.u1lJ1L~m&iI.H11ilu 10 AU~BilllJ-1 

2. nm'.i::;Vlll-:Jnl'.ib'hr'Uu~nl'.i (Arrival Time Interval) fiB '.i::;I'J::;mnlVltJltl~tJ'.i::;WJ1 -:J 

f1nA1lL~f1::;flU L~U '.ifltJU!iiLl~"::;AUlJl,,h-1nu 6 mVi 
" 

3. 'W ~iiln'.i '.ilJ'1JB-1~nA1Vl~B~lJl~'U'U~nl'.i (Behavior) L~B-1'1l1nth::;'1J1m~L~lm~'Uu~m'.i 

LL~f1 ::;flUJJ'Wt] ~ n '.i'.ilJ LLfi ::;vlf'lUA~~LL(flnvll-1 nUB tln1 U 

2 .1.1.2 lbmflmJ'YI~flFb (OIJeIJe VI~fl Waiting I inel 

~n'\::lru::;~lAf\!VilnI'Jl«iB-1nU blrnflBtJ fiB fll1lJtJll'1JB-1 llfllfltlI'J lv1lln All lJ?11lJl'.iI:l'lum '.i'.iB-1~U 

?lllJl'.im.u1lJl'lm::;'U'Ulal Liu -rluviltJ lJ Llfl::;-rlU tl1Vl1'.i LuuJlu 

'.i'lJLLu'Um '.i~Vl'.i::;UULLI:llA BtJ en,xu~nl'.i\lnUu~n1VluVlVl~B~mtJ bbUUnl'.i 1,xu~nl '.i ~-1JJmJv1ltJnu 
\.I \) \J \.I \J 

VI ,,1 l'J'.iU blUU(f)l~I~n'\::lru::;~u\7ltlUnl'.i1,xu~ nl'.illfl ::;\lltllUVIUltJ1,x'U~nll 4 '.iUbbU'U v1-:J.Q
" " 

" 
1. '.i::;'UUllmfltlmluu'liB-1'Vll-1b~I'Jl - .vU(f)BUl~tJl (Single Channel-Single Phase System) fiB 

'.i::;UU llrnflBtJ~iJVIUl I'J1,xu~nl '.iVl Ul I'J l~tJl bbfl::;JJ~U(f)BUl~tJl 

'.i::;uulu l'liu JlnVll~u?l(i1el(f)lu:0(;1 (ATM) v1-1bb?1Vl-11um'W~ 2.2 
" 
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./ll I ,1111., 

II , L .' I, ( .. I. 1 , (, e, " . 1 I . , " 1 t II 

, ~ 

JIl'WVi 2.2 'J:;UUb bC1lABmluu '<iBwmb~c.n - 'l!tlV1tl'Ub~tJ1 

v 

2. 'J:;uullmfltlmbUU~B~'v11~l~cJl - Vlr11CJ'I!tlV1Btl (S i n~le Channel-Multiple Phases Sys tem) 

Atl 'J:;uu bbC1lfl e:l CJ~JJ.fftl V1tl tlnl J1Viu~ nl 'J'Vlr11 tJ .ff1JV1BU lJ llmfltlm~ 1.111 tl bbv1r1:;.ffUIilBtl bbr1:; lJ'Vl'U1 1.11Vi 

U~nl'JVlU1m~CJ1 ~,:j1m:;uud r1nFhiJ:;mtl,:j~uU~nl'J\ilnVlmCJVlu1CJ1vru~nl'J b'llU bb fl·I.WSm1uVil~ 
" 

1tlim~~ 2.3 

_.!tl j , ' II! • . I. 

d I ~ 1j 
Jll'W'VI 2 .3 'J:;UUllC1lfltltJbbUU'lJB~'v11~b01CJl - Vlr1lCJ'VtlliltlU 

3. 'i:;uu bbmfle:lc.lbbuuVlmCJ'1iB~'v1l~ - .ffUV1Btlb~CJl (Multiple Channels-Sin~le Phase Sys tem) 

Ae:l 'i:;uu bbC1lfl e:l(J~JJ nl 'i 1 Viu~nl'i b~ (J~.fftlV1e:JU b~ CJl bbv1~VlU1(J1Viu ~ nl 'JVlr11CJVlU1tJ lmmv1r1 :;'Vl1..11CJ'vll 

'VloJl~mh,:jb~c.nnu 101CJ'J:;uubbmflB(Jd~nAl~1 nlbC1lflB(J\i:;hIt-1Ju~m 'i\ll n'Vlu1(J~':h~ b'lltl ~V1~1(J(Jl1 'U 

1HVW1Ulr1 'l.iu,:j~U'l.51'i:;b~tl1tlbwW1Ulr1 bUtlvltl ~,:jbb6101-:J1umY'l~ 2.4 
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I, t._ . 1 . 1,11",. I I 

II. I ' , I 

~ -~n~ ?J I t I I -, I I I I •. ' I ; 

1 ",1 . : 1.\ ,II ' " I",~' .ii& .,~.~ 0 _"-~ , . ' I. , ~ I I I I 

, v 

JIlYfVl 2.4 J~'U'Ubbmfl/JtHb'U'UVI(llfJ~/J,jVll~ - <U'UIil/J'Ub~fJl 

v 

4 J~'U'Ubbrnfl/JtHb'U'UVI(llfJ~/J~Vll~ - VI(lIV·1J'U IilUi.J (Multiple Channels-Mul tiple Phases 

Sys te m) A1J J~'U'Ubbrnfl/J fJ~jJ~'UIil/J'Unl':l'l~'U~ nl ':lVl(llfJ.ff'UIil/J'Ubb(l~ LL(1](1 ~·ff'U(1] /J'UliVltll tJ1~'U~ fIl':lVl(l1 fJ 
, 

VI'UlfJ 

• v 

JIlV1Vi 2.5 ':l~'U'Uumfl/Jmb'U'UVI(llfJ~/Jwm - VI(llfJ<U'UIil/J'U 

2.1.1.3 VltllV1~'U~fIl':l (Service Facility VI~/J Server) 

First Come, First Serve (FCFS) mJlfJ()~ l.nn/J'U1~-r'U'U~fIl':ln/J'U btJ'UVI~fHnru'Y'iYi(lnrhV1b<Ulri 
'\J " 

J~'U'UbbmA/JfJrilJ1.J \)~1~~'U'U~fIlJn/J'U ~~btJ'UVI~mnru'l'1vh .un'U 1vWrrlhJ b~'U fIlwiJlbu;m~ /J~mrm 

11'1 fJ'i'lIJ'H11yJ fIlJb<U1 bbm b~m~1JJliJ'UJ(1v'U(1]l'U~ ·m.hr'U 

Last Come, First Serve (LCFS) vUJlfJ()~ :lJlYiVl~~1~~'U'U~fIl':ln/J'U btJ'UVI~mnru.yj~~nfi'IA'U~boiJl
v 
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Service In Random Ord er (SIRO) In.JltJ(1~ Hfnl';l~lJ1'Unl';l11XU~nl';l ltJ 'UVI~mnru '~~nAll'U 

';l:;U U;;) :;1Jl-r'Umnl'imjl ~~lJ l~'U f1i';lll;;) n 1 UtJ~l VI~tlnl 'l\l \l n~ 'tJrh;lT~th~ 

Priori ty (PRI) vl1JltJ~~ nl';l11X'\J~nl'lllUU11XtlD~Yli dJ'UVI~f1lnru'l'll 'Unl 'oj l1Xu~nl';l~nAll(i1 tJl~ 

rnllJ~lA'ru'iIi'J ~~ nAlh ilvlln'U ltJ'Unl 'i~(» ~nAlVlllJ6hKumllJ~l A'ru l'U'U ~ nAl'll'l:;'Ill \l:; lJl~uU~f1l';lritl'U
v \J '\J <v \J 

2.1 2 1 iJfl ~1J OJ 'J b~lTr, J1(jOlj'iI'rHqOAl 

l~ tlY);;)l ';lrul~f1'\~ ru:;~'Ulll'U'iJfl~ ';l:;U U w:nflfltJ .rr'UVlfl'Uv1fll tJ Atl 

1. ';l:;tJ:; ll ~ llu~tJ';l:;wh:)nl';lliJl~'\JU~OJ';l (Ave rage Interval Time) Afl llm~~nAl llvi~:;A'UliJl 

lJl-r'\J'\J~Ol';l,..h.'ln'U1v\tHu~tJ l~U nl';lln'\JiJtJlJ~~OfhilU1U 30 AU lU~l-lll~l 5 il'GJ-l (VI~tl 300 UlVl) 
" '\J 

Ol';lll1u~nl';lllD~ ltJu 2 ~o~ru:;~~d 

1. n~lluOJ';l111U~f1l';l (Service Time) AD n~l'vtlmuol';ll1Xu~OJ';l~oAlllvi~:;';llmQ~tJ l'UU 
" 
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l'Ul~ V1~ B 'Wl ~ l'LJ'LI~'LI bb(l::::LJ'LIVl n\h 'UJ'LI~ nfh~l~u~nl':Jl~'LIbb~i.'I::::wU":wni.'ll b'll'LI l'Ubli.'ll 3 o/fl!lJ -1 

u'1nl':JM 30 A'LI v1~,f'LI 5(?l':Jlnl'l1~U~ nl'lbw ~mvhnu 10 A'LI~Bo/fllm bU'LI~'LI 

2.1.3 1ii'1U'U'UUm 1'11) ~ 

'ilil \l LJ'LIlv1iJ e:r~\ilJ 'Wliil bb uu bbtnl'1 BtJ~'Ul.nl.uV1i.'11tJlill bbU U n 1 'lb~ B n'l.ulill bb UUb~ Ell lA'll ::::v, bb i.'l::::1YlV1 , " 

~'LIh~1 bU'LI~B~~B V1A~B-1 bli.'l::::b V1lJl ::::~lJn'U~m~OJ:::: ~l 'LI~1~ 1 'lJB~'l ::::uu bb tnA Bt.J11'L1 11v1bbn 

1. ~n1jru ::::'lJB-1i.'1nAl . 
\J 

• 'lJ'LI1V1'lJB.:I'll'i:::;'1Jln'l 

• ~mjru::::nl'll'VllJl ~uu'1nl'l bbi.'l:::: nl'llb\lfHb\l~AlllJtil\l::::b'lJ 'LI 


2 ~n1jru::::'lJB-1bbf1lI'1BtJ 


• fllllJtJll'lJB~bbtnABtJ 

• 'lU bb'U'Unl'l~(i]'l::::UUbbtnABtJ
v 

3. ~n1jru::::'VB~WUltJl~U~nl'l 

• 'l::::butJUnl'll~u'1nl'l 

• ~n1jru::::nl'll~u~nl'l lli.'l::::nl'lbb'ilnlb'il.:lAlllJtll'il::::bU'LI 

nl'l b~B n l.ulYll blUU blfll ABtJ bviBl bA'l 1:::: V, bbi.'l:::: 1ilV1~'LIh 'ill b U'LI~tl ~~ BV1A~B.:I bli.'l:::: bV1lJl:::; rllJnU 'l:::: UU 

bbf1l AtltJ~ bnV1~'LI ~~ 'lU bbUUllfllAeJtJ~ bb!?1 n~l~ n'LIn'il::::HlillllUU~ lb(?) n!?il.:l n'LIv1l tJ v1~,r'LI l~eJ'l~rI::::m n1'L1 nl 'l 
\J 

l'/J1hm~n'LIllll~i.'I::; lilllbUUAl'lHnu bbf1lAeJtJ ~UllUUlVi UnA ru!?1P11?l(?){'Ulle)-1 n~1j~tl ~. ~. lA'LIVitli.'l (O.G. 

Kendall) ~~lv1BeJ fHb UU lb~V1~lA'l~~~l-1 'l::::UU lb(nA eJtJv1ltJ" t1!~n1jru~ b~ tJ nll lA'LIV1eJi.'Il'L1b!?1<U'LI (Kenda ll's 

Notation) lVitJHlYlle)n1j'l Iillli.'l'lJ lbi.'l :::; "t1!~n1jru~l.:l1 v1~~ NB/c/KIN/O ~-1~t1!~n1jruv1.:1n~ll'UmJl1llJl 

l~ tJ'LIllYl'LIblUU~l i.'IeJ-1l'LIll~i.'I:::;lYlle)n1j'lbbrlVi-11A'l.:l (\ ~l.:l lbt:nA BtJ~iifllllJVllJl tJ bl!?1n~l-1 f1'L1 v1.:1~ 

A ll(\Vi-1 nl'lll'ilmb 'il.:lAlllJtll'il :::; lD'LI'V eJ.:I'l:::;tJ :::;vil.:l1'LInl 'll.vllJl'V eJ.:Ii.'I nAlll~i.'I:::;'ll tJ~~B l~tl.:l f1'L1 
" 

B bl?lVi.:l nl 'lbb \I fHb'il~l'1l 1lJU1'il:::; bU'LI'V eJ~lli.'ll'l'LI nl 'l1~u '1 nl'llVi~He)n1j'l~l.:l 1 ll(\Vi.:l nl 'lbl'il n 

bb'i)-1AlllJtll 'il:::; bD'LI'V eJ.:I .vBlJi.'I~~ (\ El-11v1v1-1-d' 
\J 

M VllJltJfl.:l nl'llb'ilmb'il~fllllJU1'il:::;lu'LI'Vm nl'll.vl~UU~ nl'l bU'LIth~'IleJ.:I V1~eJ nl'lll'il nll'il.:l 

AlllJtll'il:::;lD'LI'lJ eJ~ ni.'l 11 'LInl'll ~u~nl 'llUtllBn.gj,'W b'LI'LI l~ tJi.'I 

o VllJltJ~-1 e)(?)'l lnl'll.vl~UU~nl'lfl.:l~lli.'l :::; lli.'l11tlnl'l1 ~U~nl'lA-1~ 
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(General Di stribution) 

C LbCl\i1 ~oJl 'Ul'UVlti":ltJl1Xu~nl'l (Channel) VI~8oJl'Ul'UVitiltJU~nl'l (Servjce Chane l) L\i1 tJloU' 

vll lfl 'lJ lb?i(iN oJl 'Ul'UVitil tJl1Xu~n l'l 

00 

oJl'Ul 'U'lJ 8-1 bb (IlA 8mb~~th~'l1l n 'liJ~TLll'UlJl n 

D bbMl~'l ::; lUtJUnl'l'l1Xu~nl 'l ~::;H'vl15m~'\ibL;;1\i1-1'l~:autJunl'l'l1Xu~nl'l(9h~ 1 (i1;Jif 

FCF S (First Come, First Served) VllJltJf1;J lJl n 8 'U'l1Xu~ nl'l n8'U 

LCFS (Las t Come, First Se rved) VllJltJ~;J lJlYlVI ~-1l1Xu~nl 'ln 8 'U 

SIRO (Service in Random Order) VllJl tJ~-.1 H'f1l'l~lJ'l'Unl 'll1Xu~nl'l 

PRI (Priority in Se lection) VllJltJ~-.111Xu~nl'lVlllJFnl lJ~lb'U'U'lJ 8 -1 ~ nAl 
" 

A 

VI~;JVI'Lhmlm) 


fllllJtil~::; dJ'U~'l::;uu~~vh-.1l'U 

nmL\i1m:w~tJ'vi1.ut'Unl'll1Xu~nl'lr1nAl 1 'lltJ 
" 

Po 

Ls 

Wq 

nel'U~~ ::;1Jl{uu~nl'l 
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v , 	 , 

bb 'UU~lrl'il ~ ~ n ~~l~~'UI~m~ tn tJ llJ b~tJ1..Jlb'U'U~cn'Unl 'Jru n l wi'l.:Jl'U~~~ 'V'il~ 'J~'U'UVl~ m.~l lV1 mJ~ V1 

l.J~Vlm tJ byj 'il ml~~ 'il'Uth ~~Yl6m'Y'j nl 'J1Vi'U~ nl 'J bbrl~A rum'Y'lnl'J lJi-r'U'U ~nl 'J'VmflnAl lV1 tJ nl y-rV1A ruc1HUA 
, 	 ' 'V' 

'U'il~ l l'U 'U ,Jl (ltl ~ ~~ n~ ~l~ll"'U fl ru(llJ'U'"'(il'U'il,m'U'U ,Jlfl'il~ (Operatin ~ Charac teris tics) ~D tJlJlV1n'U:wl n~~ V1 

tJ'J~ nm.J~ltJ 

Ls 	 -ll'Ul'Url nAl~'iltJ·lm ~'U'U bbmA'i)CJlV1mu~tJ~'il VlU1CJ nm A'il -ll'Ul'Url nAl~boVlih~'il1 'U 
" 	 \J \J 

Lq -;;)l'Ul 'Urln Al~'iltJ·l'U'J~'U'U bbmA'iltJ1V1mu~tJ~'il 1 VlU1CJblrll VI~'il mllJt.illSUel.:JUfnA eltJ 
" 	 \J 

Wq 

\l~M-r'U'U~nl'J 

lV1 tJ i l l tJ 15V11m'Unl'Jl bA'Jl ~,,-hyj'i)1ViYl'Jl'U~ ru?1lJU(il~l~ 1 b Vlrll d'lI 'il~bbmAeltJ lJibbn til 'Jl bA 'Jl~V; 

b:a~A rul'l P1l M)~ (Ma the ma tical Analysis) 15db'iJ 'Unl'J H~1'l 'JYll.:JA rul?lf'1l?11'l1byjel Al'Ul ruVllAl ~ru?1lJU(il 

~l~1 'V'i).:J'J~'U'UbbmA'iltJ mtJ1W:A'J~?1~l~'J~'U'UbW1A'iltJ~el'ilmb'U'U1V1tJ D.G Kendall ~b~tJnll Kendall's 

Notation ~~Albb'U'UbbmA'iltJ~DtJlJ1-iJJil tJ15 Y1l~Arul'lf'1l?1l'lnV1tJill tJ bl ti~el'i)mu'U 5 bb'U'U i1~d 

1. 	Al \\'U 'U M/Mil 


'j~'U'U LbmA'iltJ~Hi11 bb'U'U M/M/1 \l~lJ~n'l'1ru~v1~~el1tJd 


1. e)\71'Jl nl'Jb-Ul-r'U'U~nl 'JlU'Ubb'U'U~lJ bbrl~iJ nl 'J bb~ mb~~ bb'U'U'lh~'ll'i)~ 

2. b 1 m1'Unl 'J1Vi'U~m'J bU 'Ubb'U'U ~lJ lJnl'J bb \l mb~~ bbU'U bB n'1l1'Y'l b'U'Ub ~tJrl, 

3. h]-;;)l nV1mllJtnlSU'il~bbmA'iltJ 


4 ~l'U1'UtJ'J~'Uln'JlJlmltJ bb'U'Ull.J-;;)lnV1~l'Ul'U 


5. 'J~bUtJ'U nl'J1Vi'U ~nl'Jbb'\J'UlJln'i)'UM~'U'U~nl'Jnm..J (F CFS) 

6. b'U'U nl'J1Vi'U~nl 'Jbb 'U'U~el~YIl ~ b~tJl J'UI'l'i)'Ub~ tJl 
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~lJ ~] l'U'V e:J "Y1l IIUUIWlAeJEJ M/M/1 lv'i\u-1 ilWil nl'll-UlfUU~ nl'l0mmllil!il'llnl 'J1VlU~ nl'l 

VI~tl A < ~ 

2 0J ~I\J1 J MIMic- vt~ fJ M/M/s 

'l:::UUllflJAti Uvfl-t'lfIJIIUU M/ M/s \I:::1J~m:HLJ:::IVl:Uu'UlfIlbbUU MIMI 1 bbVlU'v1mJ'l:::nl'l VJWbl7l 

IVllJl:::~lVl-ru'l.unU'l:::UUllflJA u tJ~:U~'U!ileJ'U l~tJJ bII7l VlmtJ'I5enU~fll'l ~;J s Au~TUl'U'I5u;JU~ fll 'l ~~tJ 

~m~ru:::vfl-t'Y1lbbuU M/M/s i);J\1 

1. e)17l'll nl wtl-rUU~ nl'J bU'U IIUU ~lJ bl fl::::U nl'l II \I mb\l;J bluuih~'lJu;J 

2. I1 fll1 'Ufll 'l1VlU~ nl'lIU'U11UU~lJ :U fll 'lll \I ml \I;J bbum~ n'b1"i'j 1'U'U1:fitJfI 

3. l~~l n(1)fllllJtJll'lJu ;JlltnAutJ 

4. ~l'Ul'UU'l:::~ln'l:U~l'UJ'UlJln'l ltJ 

5. 'l:::bDEJunl"ilVlU~nl'lIU'UIIUU lJlnu'Ulal-ruu~nl'lnu'U (FCFS) 

6. bUt ! fll 'llVlU ~nl 'l bb UUVl flltJ'Il u;JVll;J ~'Ul7ltl'U b~ tJJ 

~lJlJ~]l 'U 'lJtl ;JY1lIIUUblflJAuEJ MIMic VI~u M/M/s lallln ill7l'llnl 'lb'illfUU~nl'l0uEJnllj;,J{;l~ru 

'lJu;J~l'Ul'U'liu ;J Vll;J1VlU~ nl'l nUe)I7l'llnl'l1VlU~fll'l VI~tl A < s~ 

3.lll llU lJ M/..GLl. 

1'Um ru~ n l'llVlU~ nl 'l b U'UblUU~lJllvin l'l bl\I n bl\l;J AlllJth\l::: bU'U'lJ U;J b1m 1VlU ~fll'lllJ1'15 bluu bS n'1l 

1"i'j l 'UW:StJ fI I'Il'U bU'U nl 'l II \I nLl\l;JAlllJ'l.!lIl::: bU'UU n~ VI~ul~m \I~l ll'U nlalll bU'U nl'l bb\l mlll ;JAlllJtJl Il::: b u'U 

uuu1\9l (Undefined) b~tJnll bU'Unl 'lll\lnLb\l;JAlllJtJl\l :::IU'U bluuvrJltJ (General Distribution) vhlV11~ 

~llJl 'l(l1.ulii'lUUU 2 IlJ bb uuvhaln~lJlJl ll~hlal ale:J;J1-t'lii'lll UU ~bl!ilnvll;Juun1U mru~ihiu;JVll;JU~nl 'lll uu 

'l5u;JVll ;Jl~m flu IllUUU M/G/I ~-l:u~mjru:::A~ltJnulii'lbluu M/M/I lJln vll-ln'Ubiml:::m'lbl\lnLl\l -l AlllJ 

tJlll:::lu'U'lJu ·mm'1'Unl'llVlU~ fm IVl'll~\.l VI~u~~ull'lllIlJ IIuu M/G/I \I:::1-t'~lVlfunl'l;hA'll:::~'l:::UU 

blmAutJ~:uiln~ru::: 1l;Jl7lu1u\1 

1. e)Vl'llnl 'll'Vlfuu~fll'lbU'UllUU~lJ :Ufll'lU\lnLl1l;J blUUUl ~'lJu-l 

2. II fill 'Ufll 'ItVlU~ nl'lliJ'UlIUU~lJ :U nl 'lll\lmlll;JfllllJtJT'J::: l U'UbluuvrlltJ 

3. lu'Ufll 'llVlU~fll'lllUU'I5u-lVil-ll~tJ J U{;l:::~'UVlu'Ul~tJl 

4 . l~~l n(1)AlllJtJll'lJu-lllt:llAuEJ 

5. U'l:::'1llm:U~l'Ul'UlJlmltJ 

6. 'l:::l1jtJUnl'llVlu~nl'llU'UlbUU lJlnu'UhWuu~nl'lriu'U (FCFS) 
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i,'11J lJ ~,)11 'U'1JtJ-Jv1":mUU M/G/1 lVl:UtJ'UflU'\lJ~~]1'U'UtJ-Jv11llU'U MIMll 1A'lln elV1"llnlWh~"u 

U~nl ';l 'wmJn ':he)(7rnnl~1t.1u~ nl'l VI~ eJ A < iJ 

G, ()l1Ll'\JU M/O/l 

vllllUU M/O/1 lVl1Jl :;nm:;uullmfltJCJ~:lJmn1'Unl ~1t.1U~m~fl-J~ hjll ~nA1\l:;dJ'U1f1')VI~mJl 
" 

mn1(i) \l:;H'nml'Unl~lt.1u~nl'HYhn'UVl1J(i) ~l'U~mjru:;~'U 1 \l~lVI:UtJ'UnuvlllluU M/M/1 ll~:; M/G/1 

i,'1~U ~m~Hlj:;'1JtJ~'l~UUU~ nl~~\l:;HvllllUU M/O/1 v1tJ-J:lJ~n~ru:; (i)~,i 

L el(7l'llnlw;h~uu~ nl'll'li'UllUU~1J :Unl'lll\l ml\l~ llUUth ~'1ltJ~ 

2. nml'Unl~1t.1U~nl'l lU'Ulluu~Jlli,'1lJtl VI~ tl fl~~ 

3. lu'Unl'l1t.1U ~ nl'lll UU~tl-JVl'I-J l~CJ l ll~ ~ i'U(7l'i) 'Ul~CJl 

G. hl~ln(i)AlllJCJll'1Jel~lll:11fltJCJ 

S.U'l~'Uln'l:U~1'Ul'UlJln'l18 

6 ~:; lU8Unl'l1~\J~nl'llD'Ulluu 1Jlnel'U1(7Wuu~nl'lnel'U (FCFS) 

~1J:lJ~f)'U'1JtJ~v11llUU M/O/1 AtJ e)mlm'lL-Ul~U'U~nl~UelCJnlle)(7mnl~1t.1u~nl'l VI~tJ A < iJ 

5 (y]llLlJ1) M/M/1 nU1.h:;'Ulm~:lJ~Ul~m51 0(i) VI~D M/M/lIoo/N/FCFS 

(Y]l LL UUtlbVl1Jl:;?l:lJ nm :;UU lbt:n AtJ8'1J'U1 (i)l~n~1.h :;'Ul n ~Am:r~\l:; b-u11Jl1-uu~ nl'l:UutJ m18 ~~1li:lJ 
" 

nl'l'l~~(y]ll~'U-U(i)b\l'UllU~~'tnmlJ:ih'Ul'U1~bn'ULvill(i) ~-J~:;~ tJllUel8V1~tJ~l n(i) blvlm\l\l:;H'VI~n~181 1'1 

(ll~1m 'U~ nfhvi tJCJ1'Ulbt:nAel8:U ~(i)~1'U~ (l-Jl~mYl8U nu'U'Ul (i)'Utl~U ~~'1nm n\l:;1-iS(y]lll UUyjl D'U Finite 
"" " 

:IJ(jlJ1J ~]l'UAel elm1 nl'lb-Ul~UU~ nl'lv1el~UtJ8nlle)(7m nl'l1t.1U ~nl'l (A < IJ) ~n~ru:;'1Jel~ ~:;uublmAtlCJYI 

lVlm~(llJnu(y]lbbuuv1~n~ll Ael 

L e)mlnl 'lb-Ul-rUU~ nl'llD'ULbUU~lJ :lJnl'l bb\l ml \l-J llUU'lh~'1lu~ 

2. nm1tJnl 'l1Viu~ nl~ LU'UbbUU~1J :Unl'llb:umb~~lBn'1l1~b'U'Ul~8~ 

3. LD'Unl'l1ViU~nl'lbbuU~8wm b~81 bbi;1:;i'U(i)u'UL~CJl 


G 11J.JlnV1ml:lJ811'(Ju-Jlll:11AtJ8 


s. U'l:;'Uln'l:IJ~1'U1'U~ln(i)VI~DUu8~18 

6 . 'l:;lU8Unl~1t.1U~nl'lbD'UlbUU 1Jlnel'U1A'~uU~nl'lnD'U (FCFS) 

nl'll bA'l1~vh~uubbt:nAu81(i) 81-iS(y]lLLUUvll~ 1 vh1Vil'llVl'llU(lfll'Unl~ru1(i)8 'll1J'Uel-J~~UUll :Unl'l 

1t.1u~nl'lbD'Umh~1~ ~nAl b~m1~11 'U bll:11A 88 bl~:;1m:;uu'Ul'UlVh1 'l :U-;Jl'Ul'U~nAlel81'UmnAu8lb~:;D81 'U 
'" \J '" \J 
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'l::;uUJJl mJmHY;8 ~b 'l::; UUlJ5mlnl'lil~1'UlJln~tl mY1tJ~b lJrilL'b~ ltJ'lllJ'tI tl ~'l ::; UUL'Lh.Hviib ~~'iJ ::; 

;;1 ~ Y1m.l~~Al l:U~·-:) 'V'I tlh'V e:J.:Ji:lnAl 'lllJ().:JtJ 'l::;~YlGrnYmi:l::;AlllJ;;11JJl'lf11'Unl 'l LL'li-l'v'U'tItl~ 'l::;uunl'l'U~nl 'l c:; 
~ ~ 

U~nl'l (lllJl dmhutl ~i:lvh(1)'iJl n nl 'l1 LA 'll::;VlltJ1'ii1'Unl'l\>1(71~'U1'iJ i\'mjru ~ ~ l ~ 1 L'Il'U Al '.i 'iJ ::; L~:U-'ih'Ul'UVlUl tJ 

L,xU~nl'lVl'" €lhJ 'il'l'Ul'UVlUltJ1~u~nl 'l~LVllJl::;c\lJAl'lLuULvilb Al'lL~ 8nVlultJL~U~ nl'l LLUU1(71 Al'l 

rhVlU(7ILli:lllJl\11'l\il'U'l 'Unl'l1~U~nl'li:lnA1Vl~tlhJmh~h lm&Vli\'n Lnru.nm'ii1'Unl'l\>1(91~'UhLL\11n~l-l n'U1tJ 
~ ~ 

'ill LU'U~tl ~ L~lJ'il'1'Ul'U'IltlWmu~ nl'l1(1)VI~tlhJ L'Il'U 'iJ ln~LA tJlJ Lbf11A tltlVli:ll tJ LLm LtJ~ tJ 'ULU'ULLf1l L~ tJl VI~tl 

UtJni:lnAI'vi'totlU ~ nl 'l LVllJtl'U n'UeJtl n1tJ L'1l'U i:l n Al~~tl'tltl~hJLn'U 10 'lleJn l'l L,xil'l::; L~'U~'V'IUn~ 1'U-rU 
~ ~ 

, , 

~l(H~ 'U;;1(91A'UY1 1 VI~m-~un~l 'UiSU1Al 'lLA lUL\11eJ1Y1 
... 

il'l::;U\il'lLA'l~ \11 LVllU'U 

\>11 LL uu LLmfltltJ dJ'U\>1'm uumnii'~l L'lllJln L~eJ~'iJ1 nViUMtl~ L;;1lJeJ1'U~l\11tJ'l ::;'illl'U 1'U311'U::;'tI tl ~ 

Lbf11 AtltJ L~eJ LU'U LA ~eJ~lJeJ1 LA'll ::;l,.1'l::;uu nl'lU~ nl 'l L~ tltJ'l::;1tJ'lJ'U1'U nl 'l\>1(91~ U1\1 L~tl~~l-:) 1 ~-:).vtl~'UeJ~ nl 'l 

1 LA'l I ::;l,.1'l ::;uu Lbf1 1 AeJtJ (1)ltJ16 nl 'l Yll-:) Aru\11f'11 ;;1 \11 1 AeJ LU'U16~ClllJl 'lf11LfI 'l1 ::;t--\'l(1)'ll(91L~1 LLv1 nlJ.vm~tJ AeJ lJ 

fIlllJt!~ tJl n1'Un I 'll LfI'l1::;vh::;uuUmAtltJ~lJfl1llJ<B'uoii'tl'U?I~ 1(91 tJtJ n~uii'lLLmA tltJYl m::;uu'iJ:;lJnl 'lLtJ~tJ1.1 
, 'U , 

1 LA 'l1::;1.-4'l::;UU LUi1fleJtJ (1)1 tJ16 nl'lYll~ mU\11f'11Cl \111 'iJ::;Lu'U1tJrn tJl~;;1lJ lJ &l~l'U'tIeJ~~l LL UU~ll 5\11'l1 nl'l L.vl 

~UU~nl'lLU'ULL UUr1lJ lJ nl 'l LL'iJ n LL'iJ':) LLUuth~'1leJ-:) LLi:l::; Lli:llL'U nl'll,xu~nl 'lLu'U LLUUr1 :U lJm 'l LL 'iJn LL 'iJ-:)L~n<ii, , 

hH'UU L~tJi:l ~.:)L'U'l::; UU LLf11A tltJUl ':) 'l ::;uu1JJ Lu'U1tJ\11I:UL~eJ'U1'U~-:) n~ll nl 'l1 LA'll ::;1.-4(1)ltJ16.n'iJ::;1JJ;;11lJl'l(l 

1oifl(1) (?lYlGlJl 'lll'Ulrun'U, 2552)
, v 

2.2 16nl'l;;)I61fl.:J6'1f1l'Ufll'HU 

16nl'l'illi:ltl':)Cl{)l'Unl'lru (Simulation Method) 1'Utl-l Anl 'l q'ln'iJ ~\ilClIVlm'llJ -:)l'U 'l l'lJnl'lVl~tl 

.:) lu1A'l':)nl'l~lJ'U 'U 1(711mULL,,::;<B'uoii'eJ 'Ut1'U lJAlllJ~l LU'Utlt!l':) ~~ ~'iJ::;~mi:l(7l~U'Yl'UL~tl1,xL~tJA11.v~1 tJ~€ltJ 
~ , 
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bbOJurim.ml'JtJ51Jii1\J~-:) ~-:)U'lJlllJAlllJ~lr1tl!~tllfn-:)nl'Jvil-:) 'I dJum!l-:)lJln b~ ~N \JlmthjbV1fl'UA~ l'J 110U 

l~C) Pi m:lll;j'tJ-:) v1UritJ UthltJU{)lJii1-:)lu\J~-:) ~wh1'VI1Jl-r'lJOJ(1~'f'iBl~lbb(1~tJ'J~'VItJ\i1 nl'J\ll(1tl-:)~mUnl'J ru lJ 

1(?1(1.tJ 'J~ ~-:)Abyj tl b~CJUbb'lJ'lJ?lmu nl'Jru\J~-:)'Utl-:)'J~'lJ'lJ~al tl-:J nl 'Jl bA'Jl~t.1 ~-:) tll'il1oU~ lJ n 1 'JV1l-:)A ru(?1P11?l(?1~ nl 'J . 

l-1i eJ'U1tJ'Jlln'l lJ LVl1J10UbA~tl-:) AtllJV;l b(?1u ~ VI~uul'il1,illU'J bbn'Jmll b~\J'JtJ~(I n tlun ll'lJ'lJlJllVlmtl'f'il~ 16;f'il~vh 
~ ~ 

u'iln bb 'lJ'lJV11-:)l~tln'Utl-:)nl'J~\1i'J~'lJ'lJbbmA'ilCJ ll~lV1\1i?ltl'lJV11-ll~'iln0u1Jll\1iCJHbl'lJ'lJ\11(1'il ,a ~unu oU'il~'1Jtl-:) 

l 6nl'Jl bA'Jl ~t.1lb(ll Atl1J JlICJnl 'J ~~l-llbUU\ll (1'il-l?l mun 1'J (UAeJ ~llJl 'J i,!::hA 'l l~ t.1'l~'lJ'lJ lImA 'il CJVilJAlllJ 

i'lJ-iiuu~-:)1Jl~ ~-:)lD1J'l~'lJu~iln'f'iu1u~munl'lru'il~-:) l'liU u(il~lVln'J'llJ1ub-l-:)lU nl'l'uu~-:) nl'ln'l~'illtJ 
~ . 

~UA1'VI~eJmJn'J~~-lnl'l11Xnl'l'lJ~nl'lVl1-:)~'Jn'il~1-:)'I b'liU 6U1A1'l 1'J-:)'f'iCJ1'lJ1(1 bDualu lBnl'J~eJ1Y'1CJnl'l 

\11(1 tl-:)'J~'lJ'lJ lDu~U]lU b~ CJnlBnl'l0ul1 nl'l\ll(1'il-:)?l fIlUnl'lru (Simulation) nl 'l.Jl(l'il-:)U'lJ'lJ'il~I~lJ'ilrn 

nl'Jf\mjl~mjru~lviu'lJtl-:) 'l~'lJ'lJ Ib~l111lJl?qtJ 'f'i~'illJ~-ll\1iAl v11lDU'llCJ(l~bBCJVltJ'l~ n'ilU 'f'i~ulJ~-:)16tJ 5'lJ'1l 

~1-:) 'I l~ CJnll nl 'l\l 1 (1u -:) 'l ~'lJ'lJ ~-:)hJ.J1b Dui?l u-:) lDu~-:)vi f1 eJ\1i bIUU'J~U'lJueJ nlJl~-:)VllJ\i1 uvial'il-:)lJ'J 1 CJ(l~I~CJ \1i~ 

eJl\HDUl(7)~ ~tl!~n\jru ~l'l~~-lb'lJtJ 'lllJ~-:)lBtJ5uii1~1-:)'I mJl-:)A'lUnlU v1lIIU'lJ\)~lJ~n\jru~~8V1Vl~U fie) 

1'J1~llJl'l(ltJ~Uv1l bbU'lJM w(1~Uu-:)'Utl-:)v1l bb'lJ'lJ(ii'iloUtllJ(111WV1 ~n\jru~vi1-:) "1 ~-:)HbDuo(J'illJ(1~lVl-rUfl1n\j1
~ I ~ 

'f'i~(i1n'J'llJ'Uu-:)lf'1'j-:J nl'l'VI~'il'l~UU1Jl n'l~UlUnl'lV1\i1(1 tl-l n'lJv1l bbUU b~CJ nl1 nl'l.Jl(1'il-:)bl'lJ'lJ l\1itJ'VI~mit'il-:)alu 

bb~l nl'l'lll(lm lbU'lJMtl nl 'll~ubnlJ11U~V161B 'VI 1 n?lllJl'Jf1V11 v1lbb'lJ'lJvrto(JlbV1U'l~U'lJ1JleJ~1-:J'f'im~CJ-:JU(1~ 

8\i1'V1 ~ U1Jl~bl~l n \J~ IDU~-:)vrt~tJ 'l~ljjUII(1 ~ ItJ~ CJ'lJbViCJ'lJ~V161Bvll-:) 'I M m llJ'VIlJl1J'lJtl-:) fh vi1-l 'I vrt·1fl u 
~ 

nl'lfl1n\j1nl'l'll1(1'il-:)II'lJ'lJ lJvl-lU 

1. 'J~'lJU (System) A'il ~-l~tJ'l~n'ilU1tJJlICJeJ~AU'l~nu'lJ~tJB'lJ'1l-l1U~UI~tl-:)nu I~U 1Ul'lWW1'lJl(1 

tJ'l~ ntl'lJ 1 tJJll1J ~UICJ~lJl'ltl~UU~nl'J l~lVlU1~'f'iCJ1Ulf! IA~u-:)AtllJ~ll(?1e)~ ~-:)d 'il-:)AtJ 'l ~n'il'lJ~-:)'VIlJ Vlaltl-:) 
~ 

tJ Buii1-:)lu~llJnU I~'il n 1'l 1Jl-ruu~nl'l~Q naltl-:) 'll \1i1 ~l e)'UIDUl(?1~tJ'l~~-:) A'lJtl-:)'J~'lJ'lJ-:)lUnl 'J11X'lJ~ nl 'JtTUltl-:) 

2. 'l~U'lJ~'iltJ (Subsystem) A'il cilU'VI~-:)'lJtl-:)'J~'lJ'lJ 'ill'ilIDU~lUB~'J~~tlnuVl~ell~'illJl1J-:)nunU"lu 

5u'Uu-:)'l~'lJufIlrll~u 'il\1i-r'lJumfh fhDucilU'VI~-:)'lJtl-:)'l~'lJ'lJ 1'J1'ill'ilfl1n\j1btl'V'n~'il\1idlVlCJB?l'l~n1rl m1lJ\)~-l. . 

llillfhll'l~UU nA'il 'J~'lJ'lJ~'ilCJ'U'il-:)'l~UU1'V1'1i~u8n~'il'VI~-:) vl-:)0u 'il~1'lAm~'lJ'lJ tl~bA'il'J~U'lJ~tlCJ ~-:) 

ll~l llviU'l~I~U~'il~r;n\jl llf! ~vv~ii1 n'l'llJ'U u-:)'l ~U'lJ IUU~-:)~ InVl~U'illn Al1lJ~lJ~UBrnCJ1U'l~Vll1 ~'l~UU~tl CJ 

rll CJ nu Ilf!~u1'ilijAl1lJ ~lJYru5n'lJ 'l ~'lJU 11(1~r1-:) Ibl\1i~tllJU'il nv1l'l~UU 
, , , 

3. v1l IIU'lJ (Model) Atlv1ll1VlU'U tl-l'l:;'lJ'lJ ~ -:)VllJAl1lJ~1 r1tl! u8 1-:) 8-:) nAtlv1l IIUU'il~ alu-:) ~llJl'lf1 

tl6'lJlCJ'j~UU1rl(1 ~15CJ\1ilJln 'f'i'il~lJAl 'l 'f'i ~~ n'J'JlJ'lJtl-:Jv1lI1UU'il ~altl-:J'f'itJ1 n'J ruvv ~~n'l'llJ'U'il-:) 'l~'lJ'lJ1Jltl81-:) 

?llJ b 'VI\»?llJi:--I(1 ~n\jru~'lJtl-:) v1l11 U'lJ'il:;al'il-:)?ltlVlf1~tl-:) n'lJ~n\jru~'Uu -:)'l~'lJU~v1l lb 'lJ'lJ1tJ~lCJVI tlVllJl Ib(?11 Unl 'l 

-51 (1 'il-:)'J ~UU'ill 'illJ'lJ1-l 'l :;'lJ'lJ 8tlCJ vh'J1i~n~tJ 11'lJ'lJ blf!~VV~ ii1n'l'llJnUlJl~ll~l 'VI~ ell UU'l ~U'lJ8tlCJ~ 'illY'1CJ1B 

F 
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1 bfl'll~ lA b;U~ tJ~lJlru\lnAll?ltlLJ1~;lv" J1?l'l-1 ~-1b'll n1l-iv1tl-1Vll71l:1 tl-1 tl~1'l nlJ'l~'ULJt.ieJcJ1r'W Uvl n cJ~ ~l bth.J v1tl~JJ 

'l~'U'UU eJtJ-d'm.l1'Wrlll bb 'U'U 
" 

2.2.1 A11lJ'VllJ1 tJ'Utl'lnl':i'\ll I:1tl'I 6H1TL!n1':mJ 

nl':i~ll:1tl-1(1(ll'l.Jnl'lru (5 imulation) Atl m~LJ1'Wnl'lVlVll:1eJ~tlt.i1-11h~LJLJ nLJall bbLJLJ (Model) ~~ 

b'lltll ~b~tlll tll~ 6'\J'U~l bb Vl'U'U eJ ~'l ~LJLJ 1171mbtJ'lbtJ~tJ'UoVe:ll;lmlwvl Al'V'll 'lllJbl?leJ ~ bb(ldGnl'lvil~ 'l 1tJ 

b~eJtJ 'l I?l llJbbr-J'Unl':iVlVl(1eJ ~~1alll ~ ben11 b~tl~~1 alVl'llLJ~ ~ tln'l'llJ'Utl~'l~LJLJ1al~1 fl fll 'lVl VlI:1 tl~n'U ~lbbLJLJ 

1VltJ1l-i v1eJ~'Vh~~~ nLJ'l~LJLJ ~~tll~ b~VfhH~ltJ(I-1bbl:1~(I~l-1AlllJ~lJi;~'U1~nuA'U~vh~1'U1'U'l~LJLJ nl':i~ll:1tl-1 
" 

(I(lltlfll'lru lU'Ufll'l'llU'lllJ1G nl'lvil~ 'l vhoV-;Jll:1tl~(I(ll'Unl'lru~~~ 'VI~tl 'V'l~Am'l lJ'U tl~'l~LJLJvil~'l lJl11u'U 

AtllJvh bl?ltl~ 1171 tJ fll':i1oUt tJ'l bbn'llJ fI tl lJ~l ll?l tl~loVllJl'l!l tJ b~eJ~~ ~~fl'\:ilfll':i1'VI1:1'Utl~~ n~ m'llJ1'U~tJ bb UUvil~ 'l 

1mJJJ fll 'llnLJoVtllJl:1 llGl~'Vh fll 'l1 lA'l1~v1'V11'ltJ bbULJ~(l flv1tl~~ 1fl1tJ'l lbn'llJfleJlJ¥;l bl?ltl ~b~tltJ~LJtJ 'l~1 'Utl'UlA I?l 
'U 'U '\J , 

iJ ~~,j'U'U tl~'l ~LJLJ bll:1~<Ul tJ nl 'Vl'U 171 bb tllVll-1'V1~tlVll~ b~ tlnVlb 'VIm ~(llJ ri eJW111tfloVnU(I (lltl fll':i ru'VI~tl nl 'l 

tJ 5UA~1'U~~~ ~~~~<UltJ1~I:1VlAlllJb~m1'Unl'llnVlfllllJi'1Vl'V'lmVl'VI~tlAlllJ~lJl'VIm1al 'UeJn~l n-d' cJ~<UltJ1~ 

tJ'l~'VI cJVl~-1fh1-il~lmbGl~llm1al5 nVll~alltJ (Maria, 1997) 

1'UU~~Utldfll 'l-;Jll:1 eJ~(I (ll'U nl':i rubtJtl~utJlJmh~lJl n btitl~ ~l m~ULJ1tJ ':i un 'llJ A tllJ¥;lbl?ltl~alJJfll 'l 

b<Utl ~I?l(ll'VIm'llJ1 'Ul':i~ ~l 'U nl':i'U'U;;1~ nl'lm~~ltJ~'UA1'VI~mbiim~~-1fll'l1~fll'lLJ~nl'l'Vll~~'ln~vil~ 'l l<U'U 

u'Ul fll'l b~~ tJl Ul(1 lU'Uv1'U (Ke l ton, 2003) ~ 1 ntJ 'l~(lLJ fll':iru'Utl ~~l~tJl'U lllJ nl 'l-;Jll:1tl ~1:1(ll'U fll'l ru~LJll 

~~~lr1ru'VI~eJ-iltliii'U eJ~ fll'l-;Jl 1:1 tl~ (I(ll'U fll 'lruA tl JJfllllJ(llJb 'VIl?ll:1lJ~1:1 lU,~(lllJl'l(l ~1:1~'U1almtJ1v1iJ~ "'ilV nl 'l 
~ '" 

l1WVl lbl:1 ~UllJl ltJ~tJLJ bVltJU nu r-J(l(i'~B~'l~U LJ tJ':i~lJl(l tleJn lJl 

(Kelton, 2003) M-;Jlbb'UntJ'l~l.f1Vl'lJeJ~(I(ll'Ufll'lru-;Jl(l€J-1 (Simulation Classification) tltlflbU'U 3 

1) Static blGl ~ Dynamics 

- Static Atl fll'llnl71'Utl~b'VIl?lfll'lru1'U1~LJLJnl'l'Vh~1'U ~fl~~nUblmbi;'\lJtl, 

- Dynamic Atl fll 'l b tJ~tJ'UbbtJ 1:1.:J'UeJ~ blm~ ~:WAlllJ~lr1CjJ llGl ~iJ~ (l m ~'VlLJ vim'VI\?)fll'lru\?h~ 'l 

'VI~tl~lll tJ':i~nl(i'~i;'\'Uh 
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2) Continuous bbl'l::; Discrete 
~. ~ 0 ~ d I 

- Conti n uous fH) bU'U nl'l~l[\ tl~ 'l::;'IJ'lJVI i:1l:lJl'HHLJI'l tJ 'UbbLJI'l~i:1f1l'UJl1 'WVl[\ tl(iHl m tltJ'l ~ 

I7ltl b~e:N L\i1 tJ ,rl1LJb~mll111 b~tJ'U(1:lJnl 'lVil ~A ru(7H'1l i:1\?l~l~eJ eJ6Ul tJ ~-:J All:lJ~:lJ~'U~'l::;'v1.1l-:j?Hll'U::;'lJtl-:J'l::;'IJ'IJ 

fl'IJ bll'll~~ l'U 1 LJ (1:lJ nl 'l~vl'\l::;ijAll:lJ 1'1 tl l i1tl-:J fl'UL\i1tJ\?l[\ tl\i1 

- Discrete Atl ltl'U IIUU -;J ll'l tl~(1 fIl'U nl'l ru~utJ:lJloVlJl n~~ \i1 b~tl~\Jl n~n'\jru ::;"lJ tl~ 'l::;'IJ'lJnl 'l 

Yh~l'U~~~;;1l'UlVlr1iij~n'\jru::;ltl'U'l::;U'IJhJvi mi1tl-:J n~llAtl 'l::;uuii nl'llU~tJ'UblLJ[\~i:1mWll'W ru ~l~bll'll'l\i1 
eX I <U 

nmVl'U~bVll'U'U (Probability) 

All:lJ~m~'U~'l::; Vlll~ i:1C1l 'U::;'lJ tl~ 'l::;'lJU l Yl (JU fl'IJ blmlJl l~tJ'Ultl'U(1:lJ nl wn ~A ru(i1f'1l['l\?l~ \l::;1vl'i:1:lJ nl 'lLJ'l::;UIVi 

hJl'lmi1tl~ 

3) Deterministic ll[\::; Stochastic 

- De te rm inis tic AtJ ltl'U nl'l-;Jll'l tl~ bW,)nl 'lru~ In(il~'U~~Vl:lJ\i1JlltJlr;1n?Jlnruo/i~ m.l'Utl'Ubll'l::; 

ij nl 'lnlVl'U\i1bll'llVi mJ'UtJ'U 

- Stoc hastic Atl ltim ::;U'U ~-:jii nl 'l lLJ~tJ'UllLJ[\~i:1m'UJl1YHtlWl'IJU~:lJ lll'li:1llJl 'lC1loVVI~'\jti 

All:lJt.!l'<\l::;l UUboVl:lJll lA'll::;'" yhl~i:1llJl'l()fll\i1l\i1l(1m'UJlly.I~'<\l::; d:l(il~'U1vl' 'Ii~blm'<\l::;iiwl'l m::;Yl'UlJl\lln 

All:lJ'l.1l '<\l::;ltI'UVi~tl All:lJ llLJ 'lLJ'll'U'<\ll n nl'llJl'lJ tl~ bll'll~hIA~~ 

" 
2.2.2 .u'U(9leJ'Unl 'l6'l~l,mUU-;Jl61 eJ'l6'l fll'U nTHU 

.ff'U\?ltl'Unl'li:1~l~ll'IJU\lll'ltl~i:1m'Unl'lruii 11 .ff'U\?ltl'U~~d (Maria, 1997) 

" . 


1. nlVl'U\i1U'1!Vll (Problem Formulation) b"li'U '-U'U\?l tl'UVI~lA'1!'lJtl-:Jbb'U'U\lll'ltl-:J ~~nl'lnlVl'U<tl 

U'1!Vll \l::;r;1tl-:Jiiflll:lJoU\i1 l'<\l'U \J::; btJ'U nl 'l nlVl'U<tlll?lC)LJ'l::;i:1-:JA'lJtl-:J nl 'If! m,l 'l ::; 'IJ'U nl 'lnlVl'U\i1(1:lJ:lJIfi~l 'U nl'l 

nlVl'U\i1'lJtl'Ub"lJ\?loVmh fl\i1v1l-:J 1 bll'l::;15l\i1W61'lJ tl-:J'l::;'U'U~l'U b~ tl b tI'Unl 'll\?l~ tJ:lJ~ \J::;1 lA'll::;VI'1\i1 tJ15ll 'UU\ll[\tl-:J 

2. nl'lnlVl'U\i1lthVllJlCJ (Settin~ of Objective and Overall Project Plan) btJ'Unl'lrllVl'U\i1 

l{hVllJl tJ'lJ tl-:JU '1!Vll~ riltl-:J nWil ::; Vl'll\J?ltl'U 'll:lJ ~-:Jnl 'lll-:J blj:.J 'Unl 'If! mn 'I ::;UU~l'U~~::;l-ui:1~l ~ IIU'U\ll[\ tl~ 

" 


lb 'IJ'IJ-;Jl[\tl~~ ~l tJ 1ritl'UbL~l~-:J l~:lJAll :lJiUobtJ 'Uloill1LJ b~tl~C/lJ'U l ll'UU\lll'ltl~1~l(1ijtl'U\J~-:J lyj tl~\l::;tJ6'UltJ 

"Y'l~~ n 'l'l:lJ'lJtl ~'l::;'lJU-:Jl'UVlllJl(i1C)LJ'l::;(1-:JA~f!mn \ill mhl1'Unl 'l(1 ~l~ bL'UU\ll[\ tl-:J 'l::;UU nl 'l1 ~'IJ~ nl'l'lJ tl-:J 

L'l-:J"Y'l tJ l'Ul [\ nl'l l~:lJr;1'U'lJ tl~ II'lJU-;Jl[\ tl~LJ 'l::; ntluJ1ltJnl'lboVllJl (Arriva l s) 'lJtl~ blmAtl CJbl[\::;nl 'l'lJ'lnl'l 

VI~~~lmr'U~~ritltJ 1 lYl:lJAlllJi'Uoi1tl'U'lJtl~\?ll 'll-:J nwvh ~l 'U lb[\::; lYllJAll:lJ(1llJl'lC11'Unl'll ~u~ nl'l ll[\ ::;iJnl 'l 

l~ml tJl'l::;lBtJ\i1Y1lY'l'\jloVl1LJ b~'U r;1'U'V]'U f! mmlm~'l::;'lJuYh~l'U?llJ\!'lrunmmtJ'UllUU-;Jl[\tl-:J~ijflll:lJ 

</j'uoi1tl'U 

. . 
3. iT'U '<\l::; l~lJ r;1'U VI 'l LJ bL'UU'lJ tl ~ 

" 
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4. (Data Collecting) 

u , 

nl ~vn nl "m'lfi ll \l ..:l 'Uv~~~I..:l 1 

5. W(\ 'Ji.hl'U1j ~I C1 ~..:I (Verifica tion) l'D'Unl~\WJToi)~ ~'Ullnl~'lVVlJ'UI?l~I..:l~::;'U'Uyh~cJl..:lt1 n~B..:IV1~~hi 
" " 

'Iln{\'Ull~..:I?I~..:If'h Verification ll~::; Validation llAl llJV1lJltJA~ltJ n'Ull ~1l-ilVlll~'Un'U iI..:I J'U 1 'U 

nl~~~l'll?l~'U~::;'U'U.yjl~IYh1f'U~~~~..:I1ivY..:I 2 f'hri n'U 'IlVll.i~V1lJltJn l~~A'UV1loV~'U nyd~..:I'U~..:I'J::;'U'U l'll'U 
\J " 

nWViI..:lI'U\)~\!V1~Bhi 

l'Vl f1tJf1 vflil'Unl~ ()1'JToi)?I~'UAlI1Jt1 n~~..:1 
" 

u . 

AlI1Jll()1nvi l ..:l'J::;WJl.:J l'VlA tJA"r..:l?l~ 'l f)~ 'lJtJ(i1oVB1JC1Vl'lhUl'Vl(i1?1B'U 
" 

- l'VlAUA Static Testin~ l~tJloVB..:In'\J nl 'JY;~ 'IlUll~::;llfl~l::;vhBn ?l1 'J vi'll 'Jl n£jl'U'lJru::;'lVVlJ'Ul'J::;'\J'\J 

l'll'U lBn?ll'JfllllJ~B'lnl~ llf-J'Uf1l'Wnl'J~Bml'\J'\J llC1::;<b_hllm1J~'UwD'\J 

- b'VlAUA Dynamic Testing V1~BnlWI(i1?1B'\JoV~'\Jn'W~B..:I AB nl'J'lh1:'ll'Jbbn'J1JlJl'VlVl~e:J..:Ilh::;lJlm.J~ 

n'\Jv1lmh~oV~~~vi?l{I..:l~'U b~ml?l(i1..:1.u~'Un 'W~B..:I vil..:l 1 1'U~::;'\J'U V1~ t11i'1!B'YMbbl~vh~tJnll Profiler 'll'J::;biJ'U 

'll'J::;~'VlBf1l'W nl'Jvh ..:I1'U'U B..:I~::;'\J '\J 

7. B~mb'\J'\Jnl'J'VlVl~~..:I (Experimental Design) AB nl'JnlV1'U(i1b~B'U1'IJ1'Unl'JC1(i111m'IJB..:I'J::;'\J'\J 

b'li'U 'J:;'U'Unl'J11X'U~nl'J'lJB..:Ih'l'WtJl '\JlC1 villenV\'\J~nl'J1'U'IlVl11X'\J~nl~cJtltJ 2 fl'Uvie:m~..:I'IlVl l'JI BI'llvhnl'J 
\J' , 

II C11'UB..:I'J::;'\J'\J~I'U~(i1C1~1 'llV1~B1l.i V1lnll-in?lllJl'Jmh nl~'VlVl~~..:InlV1'U(i1b~B'U1'IJ b~mAlJ1v'i' 

8 nl~Hi..:ll'Ubb~::;nl'J'll'J::;lJlmm (Production Runs) lU'Unl'J'Vl(i1~B..:Ibb'Ul'VlIWh..:l1 n'\Jbb'\J'U~IC1 B~ 

b(i1 tJ nl 'J1~.uB1J~vil~ 1 ()111Jbb 'Ul'V1l ~vi nlV1'U(i111Xfl~'\JQ1'U bb~lthC-JC1~'WGm~\]1 n bb '\J'\J~I~B~lJ 11lml::;'1-1 b-WB 
\J 

bU'U lb'Ul 'Vll~1'Unl~ lU!)tl f\!V1ln'\J'J::;'\J'U~I'U\]~-1 

9. 1bfl~I::;'I-1f-JC1 (Analysis of Results) V1~..:I\]lnvllblU'U~I~B-1?11J'U'Jrull~l V1lnC-J~vt1v'i'cJ-11l.i?lllJl'Jt1 
" 

vi\]::; 1..h1 U1 bml::;V11V11~f-J~~'W6vi (lnv'i'B..:I1\il n~l b U 'U\]::;~B..:IvllbbUU~1 ~B~ b~lJ 
\J 

10. ll'llmb~::;ll?l(i1..:1f-J~'JltJ'lI'U (Document Pro~ram bbC1::; Report Results) \]::;bU'Unl'JD'UVln 

f)\]n'J'JlJ L'U nl'J~(i1vllbb'\J'\J~I~B-1 bm..:l?lh-l bb'\J'\J~IC1~..:I 1Bnl 'J1i..:lI'UbbC1 ::;C-J~m\il\]l nnl'J1i..:ll'U b~mu'U 

'll 'J::;btJ'lJU?llV1f'\J~vitll bb U'\J~lC1B..:I1'll1i bbC1 ::;b ~B'llf'\J'll ~..:I ilVlbbU~..:I bb UU~1 \l B..:I1 'UA ~..:I viB1'll" , 

.. 
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11. nl 1t!lltJH',nu (I mplementation) ~'U~'v11 'j vi'l nl11?l~~t1h\J1ne.J ~rr~;5~1 v1\J1 nmJU;Jlfltl-l 
'V 

bb~l b~ tlnbbt1TvmuIN~1'J1'ii11.1 'j~'\J '\J-lltl\J~~ 

2,2,3 nl'i rhl-'l'lJ(9) ~lmtI'JeJ'IJ'UeJ.:j nl'~~16H).:j6Hlltl nl'HU 

'lt1nl1~lfl~.,'J(fmtlnl1ru~1 buwi1e:J .:IiJnl1ri'1'v1t1~'l~'U'1J~~nl'lfti (Run) '\I1~e:J nl'lU'i ::;mfle.JfI1'IX 

bY;(J.:J~ tl lY! €lfl~rn1lJ bbU 'lU'lltl'1J e:J-le.Jflrr~ Bnl 'j'v11~1'lJltI'Jtl'U;;11lJl 'If.lVl1Mv).,'J1i 

0 2 

( ---= .. , _R_c _)t ~=- _,--E_1_5_R (2 1) 

t~ 
2' Rc-- 1 

S O A~ A1 b~(J~ lU'lJlJlA'lil1tlvflv1\J 1nnl'l-;Jlfl tl~ bd€l.,'J ti1t1 

ho2 

R "-' Ro 2 (22)
h 

" l~tJ ho A€lAl Half Width \Jln nl'lri'lVltlVl'ltl'Unl'l;Jl(;'1tl,HU€l.,'Jti1t1 Ro 

h AtlAl Half Width ~tmlJf'\J11i1 

\Jln;;1Vl'j-Ul.,'J~t1 \J~li1t1Mll Ql~€l.:jnl'jllJ1'IX:iJAlllJ A(;'11~bA~ €lwn~~1..1 lfltJ v1€l.,'J ri'lVltl~'j~U nl 'l 
" 

-;Jl(;'1tl.,'J~-;Jlmtlmrwi; (Infinity) ~.:jhj"llJl'l()vh1mt1Vll.,'Jullu~ v).,'JtTtI ~VlVlfl€l.:j~.,'J~tl-l bU tI~nlVltlVlAlfllllJ 

~~~(;'11{?)~m)lJfu1v1l€l .,'J 

1U'l llmlJAtllJ~l lVl €l4~1Vl~U nl 'j"li'161 ~.,'J ?lf.lltlnl'j ru Arena bUtlbA~€l.,'J:iJtl~l Vlfu" ~l.,'JlbUU-;Jl61 tl.:j~ 

M~Uf111lJU(JlJlJl n 1~ (Jl?ll bbuu"Ii'lfl €l.:J\J ::;~ nVhnl'lVl~6'f€lUVll.,'JAlllJA~'ltlAeJ lJv1! l\1leJ 4 l .wtlA mil ~~~m'j lJ 
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Arena cJ.:J ?11lJ l'HI?1 {nrnV'lLf)~e)'U1 'lin L?1:lJe:),U'Il~.:J·1Jtl.:J';i:::;uu11\JU 'Iltlf)tll.r~l L~tl{la1~ ntillCJ L<UU nl 'i~l(ltl;j 

'i:::;uurn 'il~'U~ nl'i'Utl.:Jh.:JV'lUlUl(l 'Il:::;D'il ni.) bUUmY'ILA ~e:)'U1 'lin '1 U'lV1LVi'U~ nlwh.:J 1 b<Uu ~ulCJvib-Ul~U 

U~nl'i'1u'lV1(ih.:}1 Lb(l:::;cJ--1?11lJl'imb?1V1.:J?1[llUrn~'Utl--1Y1~V'lCJlm1~~'w b<UU 11--1.:J1U VI~tl vll.:J1U buumu 

nl'iYl (i1~tl U?1lJlJ~311U LUU~lUVI~.:J'Utl.:J?I()~b~.:Jtl~lJ1U (Statistical I nference) ~':IbUUnl'iYl(i1?1tlU 

L~ tnnUV'll'ilil LVltl1Vi11i\1 'ilUAl L(i1CJ~lJ(9)l tl t!1.:J 'Ill nD'i:::;'lll m bb~1 tll~CJ nl'ibb 'IInbL 'Il.:}'U tl.:J (9)l?l ()~ ?I ~l.:J?I() ~ 

Vl(i1('\tlUb~ CJl nuvn 'i l iJL(9ltl~SU1 LV1CJLUUnl'iYl V1('\tlUb~ tl8UcJU-U 8 ?1 lJlJ ~a1l CJ1GVll--1?1() ~ ~ --1'1 Unl 'i'lllm J.:J 

?1t:1lUiIl'iru 'Ill b Uua18.:J:lJ nl'iYlV1('\ tlU?1lJlJ ~] lU~ll bb UU'Ill(l8--1~?I~1.:};ffU?lllJl 'ifl'1ilu nl 'iBG U1CJ 'i:::;UU ill 'i 

vll--11U'1UU 'II 'lDU1vi' LV1CJ8l'llL-Urn'iVlV1?1BU fhbi)~CJffia1'1l1nbbUU'Ill(ltl--1?1f1lUnl'irun1JAl bu~tJ'UB--1'i:::;1J1Jnl'i 

vl l .:J1U'1UU'Il'llDU b~mbUU'Ill(ltl--1f1nYlV1?1BujllJmllJflna1tl.:Jbb~l .ffuVltlU~tl1DAtl nl'j~(i!j'Ul'i:::;1J1Jh1iii~.:J;ffu 
, 'U " 

?1lJlJ ~)pU (Hypothesis) fi E! RlllJ b~BVI~tlrlln~ll e)l':} 1JUtJUb~CJlnu~n~ru:::;'U tl.:JD'i:::;'Ul m ~.:JB1'll:iJ 

b.wCJ.:J'lJ'i:::;'Ul n 'i biiitnVl~tlVlmtJD'i:::;'Ul mfflvi'lV1 CJ81'll'll :::;biJU'Il~':}VI~B11i bUU'Il~.:J fflvi' 

nl 'iYl(i1 ?1B1J?1lJ1J~]lU (Test of Hypothesis) A8 rn'iv1(i1~uhb~tJln1J?11J1J~~lU lV1CJ'1'1l1BYIl.:J?1l ii;l 

nU-Utl 1J(l Yha11Jl'll 1 nv1l tltJ 1.:J bb~l'W'Ill'irul Rll1J Ul'll:::; bDuvibilV1;ffu 
'U 

1. 'IllnbbUlAV1 VI~tlVl~'tJ5 

2. 'Ill nD 'i:::;?1U ill 'iru~~.h UlJl'1UBiii Vl 

3. 'Illn'l!8r11VlUV1vll.:J1 b<UU -Utl r11VluV1'UB.:}(lnfll btlUa1U 
" 

~.:J,hAruAB nl'j~.:Ji:'\lJ1J~hjlU'1 Unl'iVlV1?18U LV1CJ'1 Unl'i~.:J?l1JlJ~:U1U'Il:::;I'lB.:J~.:J?1lJ1J~:U1UA\?l1Jtl ~.:J 
v ~ ~ ~ ~ 

?l1J1J~~lUbbU.:JBBnbtlU 2 'U11V1 Atl 

- ?l1J1J~~lUVI~n (Null Hypothesis) bbVlua1ltJ~C1:!~n~ru Ho VI lJlCJ Q.:J 'l!tl?llJ1J~VI~tlml1lb:UB 

b'Otl.:JI'lUll ~.:)~ b'il?lUhVllAl VlB'U 11i1vi':iJ nl 'i b D ~CJt!bbLJ(l.:J VI ~BVll n11i:iJ bVl I'lj;,J(lVl ~tlVl ~n~lUb .wCJ.:JV'lB b 'il'll:::; 

CJtl1J~'U?l1J1J ~1ilUVI~nHritlU 

- ?11J1J~lllU'itl.:J (Alternat ive Hypothesis) bbYlua1lCJ~C1:!~n~ru Hj Vl1J1CJf).:) -Utl?l1J1JAVI~mDu 

Vll.:J b~ tln~'Il:::;bDu1LJ1a1 Vlln?1lJ1J~~lUVI~n ~mJ5 b?1G ~.:}JuVll.:J b~B n~.:}tll'll:iJ1JlnnllVl~.:JVll':) ~':)bb~lbb~nl'i 

(9)V1~uh 
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AlllJ~vlY1m V11'U nl 'lV1V1?!tltJ?!lJlJli1]l'U 

nl 'l'VlV1?! tltJ('1lJlJ &i~ l'UV1l~ ?!C1V1 \i:dJmllJ~ V1""~ l (i1tlcJ l('1JJtl ~~ tll \i\)::; l ~ eJ~\iln rm1iieJlJ~~l mil-:JlJl 
~ ~ ~ 

?! 1U~,mnrT\,l(il ?!tltJ b" eJill~~ ~C1-:J U'l::;'liln'l vhl1Xcmnl 'l V1(i1?!eJtJ1~tJeJlJ:rtJ('1lJlJli1~l'U Ho i~~ Ho b'li'U\)~-:J VI~eJ 

cmnl'lV1(i1('1tltJ('11U-h tJtllJ~tJ Ho ~~~ Ho hJ\)~-:J AllJJ~V1Y'1m(i11'Unl'lV1(i1('1tltJ('1lJlJ~~l'UlloJ-:JeJtlnl'liti 2 

U'l::; bJlV1 (i1-:J ~ 

1. AlllJ~(i1Vi~l(i1U'l::;bJlV1~ 1 (Type I Error) 


btl'UAlllJ~(i1""i;ll(i1~ b n(i1~'Ub~eJ-:J\ilnnl'lUDb('15 Ho biitl Ho b'U'U\)~-:J AlllJUl\i::;b'litl~\i::;bn(i1AlllJ 


~(i1'V~~l(i1U'l::;bJW1~b~tJnll 'l::;~tJumh'lfl! (Level of Si~nificance) 1i~~~n'\jru a 

2 AlllJ~ V1Ym lV1U'l:;bJlV1~ 2 (Type II Error) 

btl'UAlllJ~V1""i;ll(i1~bnV1~'Ub~eJ-:J\)lnnl'ltJtllJ :rtJ Ho b~tl Ho 1:W\)~-:J AlllJUl\i::;b'li'U~ \) nnV1mllJ 

e'j(i1Vi~l(i1th::;bJlV1mi~~~n'\jru {3 

< ~ 
('1()l'Unl'lru\)'l-:J 

~i;lnl'lV1(i1?1eJtJ 

Ull b('15 He 1lJtJDb?!5 Ho 

Ho dJtI\)~-:J mllJe'j(i1Vi~lV1U'l::;bJlV1~ 1 

a (Type I error) 

~ (l nl 'lV1 (i1?1 tltJ (1 nJi'tl-:J 
'\J 

Ho hlbtl'U\)~ -l 
v 

~ i;l nl 'lV1 (i1('1 eJtJ(1 n(i1eJ-:J 
~ 

AlllJ~(i1Y'1m(i1tJ'l::;UIV1~ 2 

{3 (Type II error) 

U'l ::; bJlV1'VeJ-:J nl J'V1(i1('1 eJtJ('1lJlJli1)ll'U bbD -:JtleJ m tI'U 2 U'l::; bJlV1 A tl m 'lVl(i1('1tltJ('1lJlJ~]l'Ubb1JtJ?1eJ-:J 'Ill ~ 

(Two-Tailed Test) AeJnl 'lVl(i1\1 eJtJllAlVil'lllJ b(i1tl~ Lvil ntJAl~nlVl'U(i1 ~ \il'lrul\il n?1lJlJ&i~ l 'U'ltl~ HI :iJ 

LA ~B~VllJl tJ1lJlvil ntJ \)::; b~ tJ nll nl'lVl(i1('1tltJ bbtJtJ?!tl~V1l~ BnU'l::;lJlVlA tl nr 'lVlV1?1 tltJ?!lJlJ&i~l'UlbtJtJVll ~ biiim 

(One-Tailed Test) Atlnl'lVl(i1?lBtJAlVil'lllJl(i1tl~lllJl nnlTvl~m:;eJtJnllAl~nlVl'U(i1 l1X~\)l'lrul\)l n?1lJlJ&i 

~lmtl~ HI :iJlA~tl~VllJltJlJlnnll (» Vl~m:;e)tJnll «) \i::;b~tJnllnl'lVlV1?lBtJlltJtJV1l~l~tJl 
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"il1 ~ LYi El iJ'Ll tJ'Ll LL1;1:; LL('I(I1~VI~n:]l'Ll'Lh:; nBU nl'~~l1;1B ~(,\fIl'Llm 'J rul1 15V1(11('1BUiJ ('1m 'Jf!'Ll :;~l'LlLnru.yj (11lJl 'J f! 

rl-UV1(7JrlB'U Lb1;1 :::U ':l J ~l(il~'Lh:::~-:JA nl 'J1-u~1'Ll(illlJ~nlVl'Ll(l11-na1"il1-:J 

nl 'J Vi~ "UbLUU~l1;1 B-:J (Verifica tion) AB m'Jml "il('lBUAlllJ~nJi'B~'VB~hJ:mn'JlJl1hJ'Jbbn'Jl- J ~ 

~11U'Lll~'LllJl 0'Llv11~ltlla1"il~ ~ bb1;1:::Q nJi'B~VI~eJ11.] 

u 

-VeJ ~'VB~m'J~l1;1B-:J(1f1l'Llnl'Jru (Advanta~es of Simulation) iJv1~tJ 

1. (iJll-JV1~'\j5LL~1 ~V1 bU'Llbl, UU~l(;1B-:Jvh-U~1'Ll1~<l1tJ(il'J-:J ~llJl'Jt11-t'Al<l1m 'J rueJ'Lllfl(illa1 

2. bU'LlbbUU~l1;1B~L~W~'J'Jru'Lll A B ('IllJl'JClU'J'JtJl tJN\,:1mu~l-:J1a1lJl nnl1m':lHibU'LlLfl~eJ-:J iI rJ 
" 

4. 6"11lJl'mHla1nuU'l!VllVlmnVl1;11tJa11tl L~'Ll nW~11;1eJ~'J:;UUU~Vlla11'Ll"il'Jl"il'J m'J~l(;1B-:J 

'J:::U UHLJa11'Llm'Ju~m'J m 'J':il11;1eJ;J'J:;UU-:Jl 'Lla11'Ll B(Il6"11Vln'J'JlJ bU'LlJi''Ll, 

5. 6"11lJl 'Jt1V1(11 (;1 eJ-:JnU v11 bl, U'J~ iJAlll-Jbb(lln(ih~ n'Llla1 

6. 6"1 1lJl ':lClHfla1nU'J:::UU"il1~~iJAlll-Jiu.;reJ'Ll 

7. nl'J':ill1;1 eJ~ 6"1f1l'Llm'Jru bU'LlV1~'\j5~:unl'11-u~1'Llb~BA1V1m'JrubVI")nl'J ru1'Ll B'Ll 1 A (l)B 81-:J (il'J;JlU(il 'J;J 

u 

-vB':illn(l1'VeJ~m'J':ill(;1eJ-:J6"1f1l'Llm'Jru (Limitations of Simulation) iJv1-:JtJ 

1. 1l-i6"11lJl 'Jf!~U'Lh dl'Llla111 LUtlU'LllVm 1 'Llnl 'JLbnuruVll~~~6"1 <l1 L~eJ,:j'JlneJl"il:UU"il~CJ~eJ8
v , " 

'LleJnbVltJ BA11lJ fll(7JVlmCJL -VllJl vh1,x'J :;uu n~UlJl:uml:::A eJ 'V l<l18 nfl~,:j ([ll1:::AeJ'Vl(7J Vll-Jl tJ~-:J m'J~:U-:Jl 'Ll 

U~lJlrumnA\-1BtJ1tlVltJ1CJ1(7JVlthCJVI~-J1'Ll'J:::UU) b~'Ll Vlln':ill'Ll1'Ll~thtJtlBn~b-Vl~uU~ nl'J:U'Ill'Ll1'Llm nnl1 
" " 

un~lVI1;11CJ bvh(ill ~(7Jbb"ilnDmfh"il:::hi 6"1 llJl 'J f!1 ,xu1nl 'J~thtJla1mJl-JY('Llvi1~Vl bb1;1:::Bl"ilneJ1,xLn(l1f111lJl'Ll11tJ 

(IlllJlJ 1 b~m~th CJ Ji'eJ ~ 'JeJ AeJtJ ~"il(7J b~ lJ Ji''Ll'V B-J 'J:::UU L Uti b 1 m 'Lll 'Ll" , 
2. I,b UU'Ill(;1B-:J6"1f1l'Ll nl 'J ru"il:;1 ma1nU'J:;uu-:Jl'Llv1L uwii'LlbbUU nl'J'Ill1;1 B~'VB;J iJ'Llb Vil 0'Ll llJ6"11lJl 'Jf! 

U~Ul.unU'J:::uu,:jl'Ll5'Ll~:U~n'tlru::: 'J::: UU~l'Llbb(ll n"l1~ ntlllii' 

.. 
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2.2.8 fh;\hn(?lfldl:uvh'11l:unl'lAn'loJl1-uhhbbm:lJ;)l~~'Hlm'Unl'HU Arena Simulation 

1. En ti ty Atl llilC1~~i1~l-l(\'Uhi1 ,xlA~mjYhu1'U'l::;UUll~Jvh1 ,xln(i1nl 'lbU~tJ'UlIUfI-1?1 bIl'U::;1m::;uu , " 

2 Attribute Atl f)ru~n'\:fru::;U"j::; 'ii'l(i)J'Utl-1llilfl ffill'~ml?1(i1-l~n1jru::;'Utl.:Jllil'1 l'U'U ,J"j:; liWl '1Jtl.:J 

~thtJ u~l.:Jbn \ill ll lu'lllmlJ Arena (1llll"j(Hllml(i]~tlAru~n1jru::;U "j ::;'ii'lv1J 1~nul(71(11(i1tJel(?il'UJJ&i l~tlVh 
" " 

v 

- Entity Type Atl 'U\J(i1'Utl-l Entity 'Il::;~tl-1~mj.:J~tlcJl.:J<U(i1l'll'U l'li'U A'U 'VI~tl'HltJ'Uv1 

- Ent ity Picture Atl "jumYi'll::;(1nlli1(i].:Jtltln1ll1'U'lUllUU'Utl.:J Animation ~.:J'Il ~l"U'U'lU 
'U 'U 'U \i 

- Entity Create Time Atl nfll~nl'VI'U(i1f1.:J1ul~tl11l1uu'l ::;mmm llfl::;'lJU J11J.;rm~fI 

- Entity Station Au f1b1lU.:Jl'U llvi fl ::;~(i]~ En tity Ifl~tl'U~~l'U 

- Entity Sequence Atl m'iJl.:Jv1lll'VIU.:J'VI~tldl'Um'U Sequence II Entity 'Il::;~tlWh.:Jl'U 

l~tJ.:Jn'Ulill ll,h dlU?!bIlU.:Jl'Uvil-l1 mil.:Jb 

- Entity Jobs Step Au m"j'i::;~v1lll'VIU-1d1'Um'U Sequence 1l1'Uu'J~u'U Entity nl~.:J 

3. Va ria ble A u ~U~J IbU'i~l\il fl'V) n'U\J(i]i1llJl'iCi1.u~JlIf~-'UHi' ri l'1Jtl-1~J LlU'id'll::; 1 U ~tJ'Ul~tll(71'1 ~l'U 

L.ulll1~lfIYh?i?!mv1JuU'i1-1 L~uUtl n?!C1l'U::;'Ue:m::;uu L~'U Ill'UJ'UtrthtJ1m::;uu LtJ'U~'U 
~ ~ " 

4. Resource Au Y1 ~YitJlm~ 'J ::;1.uvh n \J m'ilJ~JlJnUllilt) ~-1l\ilfl\J::;L~tJn1-tiVi-rYitJl mS'U1~nvim~tl 

Y1.:rYicJlmS'Ull-1-1l 1..1 ufI ::; l~ uyhn\Jn'i'llJl?!~'Il l(71Ci n\J::;u~tltJ1,xYl.:r~tJlmJ'U1H:n'U L-Y;tlv1llu u n \J nJ'ilJnu, 

7. Seize Delay and Release 1'UVln1 Module ~ lllfltl.:J?!bIl'Unldru\J::;~tl.:JiJm'i~ml-1 Resource 

~.:JnAtl~(i]1,x'U~m'lvil.:J1 ~lu'Um ::; 'Ul'Unl'lvh.:Jl'U~ Entity \J::;~tl.:J~l'U LLfI::;cJ.:J'lJlJ~.:J'I'{'U~Yh.u~(i]lnU 'ltlF1J 

llfl::;1'UhhLlnJlI Arena 'Il::;iJAli.:J 3 Ali.:J Yh.um.i~J1un'U Resource li;'\lJtl1~lln
'\J 

, . 
- Seize Atl nl'lllln(i] 'U tl.:J Resource Vl\J::;L.ul~m::;'Ul'Unl'iAJUfllJL-Y;tlfll'Uflll Resource 

\J " 

!1lhjiJ nl'i'lltl.:J'VI~m.i.:J'Utlnll Entity lVll 1 'VI~~'J::;l.ul~n'i::;'Ul'Unl'i 'Il::;~-1e.Jfl1,xfllllJ?!llJl 'iC1 'U tl.:J Re source 

fI(i1f1-1 
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Release Resource "v1~;J'illnJ'UhhLLn'j1Jn'il:;1~ Entity sroup vieJ1u~n Seize L~m'ih~m:;1Jl'Um'j 
8 Input Analyzer L';J 'ULfl~eJ;J :iJeJ vfl-llVlt'l?leJ'U m'jm:;'ill(J.ueJ1JfI~U eJ'ULo~l1u ";hihuLL'Uum 'j m:;'ill(J 

~ \J 

2.3 -.l1'Ul~~J'viLntl1'l1e:J-.l 

~~'U f31~fI f1'j1VlCJ (2543) 1al~m~1 b~ eJ;J m 'j;)l fleJ;J 'j:;'UuLLmoJlfl eJ;J bLmfl eJtJ'1JeJ;J~U1CJLLf,J'U n~th CJ 

'UeJnlHvwl'Ulflb~(J;j8'U \l·mlt'l1J"v1l?ll'jAlJJ ~.JfI m'j~m:il'l1ull1'Ul'U~U~nl'jVl'jl'il-rnL;ll'iflVi"J 1 U ~th (JH" 
'U 

Hnrll1'Um'j'jCl-r'u'U~m'j1'U'j:;u'U~;JVl1Jt'lLi:l~(J 88.22 'U"IYi (95% CI: 85.94, 90S) ~eJ(JfI:; 75 '1JeJ;JLlrll 

~.:J"v11Jt'l~~UltJ1111U1m:;uu,i l(7)tJVlUl(J'U~m 'j~~t.'Jl(JtileJ;J 'jeJ~'U 'U~ m 'j'Ul'U~?l t'lAeJ "v1Ul (JfI;JVI:; LU(J'U~Ul tJ 
'V \.J "I 'V 

fl;JVI:;L tl CJ'U ~'UVleJ'Uml 'il~nI:il LLfi :;~'UVleJ'ULJl~oll n 'j'j 1J m'jl \l(J1~?l~l ;J LLU'UoJlfl eJ;JeJ eJ nL'u'U 2 LL UU AeJ LL U'U 

m ~'U~m'j1'Ul'U~:iJm'jml'ill'lflY(l1 U LLfI:; LL1J'Uffi~'U~nl'l1'Ul'U~:iJfI~ijm'Ul"v11l'U ~mnl'loJlflCl.:JLLUU~ 

~ull1 'Ul'UmVi''U~nl'jVl'jl'ill 'jfly(l1 U cJt.'J 1CJtileJ;J'jCl-rUU~nl'j'Ul'LI~?lt'l 1'U~'UVlCl'Um 'lml'il~nL;l 'lCl;Jfl;J1J1AeJ
\J , 

1'j(Jl J1V1'jeJl'15l'li(J (2547) 1~\llVl'lL;.a mnfl eJ(J 1J1U 'j:; t{ nVl1-llnU5'Ulfll'ln'1;J LVI~ 5'Ul fIl'j1VI CJ 

~lru'litl LLfI:;5'Ulfll'ln~m1vlCJ 5'Ulfll'lfl:; 8 ?ll'1Jl L~eJ"v1loJl'LI1'U"v1th(J1Vi''U~nl'l~L''v11J1:;?l1J~~t'l ~.:JmCJ"v1~;J 

'illnfn'l;)lflCl;J'j:;UU LLfl:;U'j:; LlJ'LIu 'j:;~VlGm~'illnAl?lo~Yh~'W'Ull 5'Ulfll'j'V) nm,i;J?ll1J1'jbl~(7)"v1U1CJ1~ 

'U~nl'jYi:iJmlJJL"v1JJ l:;?l1JCltJ LLii'l CJn Ll'LI5'Ulfil 'jn~m1VI CJ'U1;J?ll'1Jl~:iJoJl 'UJ'UeTI.uU~nl'l'lll'LIl 'LImn vh1Vi' 
\J \J 
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altl -l1.un m 1 u m m .Jl'U bbfl~lJlJl-l~l'Ul~~llJl'HlflI7lVlUl tJU~ nl'l1vWin b'bU 6't..llfmlvltJvn ru '1l8 i1l'Uli1I.JllJ 

?lbbrn~ Ll7ltJmtJVI~-l\JlmgU\ll'Ul 'UViUl tJ1~U~nl1lb~1 'V'lUll moVU~nl'llJrnllJY; -l 'V'luhlJln~'U\Jl m~lJ 
" 

v 

VlfltJ bvl 'b lJb1JtlAll:!,lll 

tAl b~Utl bbnVll-1 b~'V'ltnlJlflAu nl':i b~lJ\ll'Ul'\.l bb'V'lVl8'Uu-l~u-l\il ':il \J~-l?lu-l ~1'U bbfl~~fl"ill n nl':i\ll0u-l ':i~UU 

LI7l tJH' bbUU,Jlflu-l'j~UUvnv1i1~l-l~'U'V'lUl'l V1l-lb~vn~bVllJl ::;?llJ1'U~l'U~u~\il':il\Jtllc(',jn'i"JlJ Au l~lJtllf{ ':i 

bb'Y'lVleJ 4 A'U i:1lVl-rU~u-:)ml\J~n"cln'i':ilJAtl b~lJ~m~bb'Y'lVl8 1 A'U bbfl~'UtJltJ':i~tJ~nfllnl':iutln\il':il\J\Jlm~lJ, , 

3 illm b'U'U 7 illlJ-:) (8.00-1600 'U. ~nmml'U 1 ilLlJ-:)) 

blCJ-:)1?l tlVl~tnm (2548) ;21' m~l nl'j~l7lnl':ii1'UAlA-:) A~-:)'U €I-l mru~n~l ~ dJ'U6':i n\JAltJ~mAlJnru?1, , 

nl ':i~(7Jnl ':i~'UAlA-:) flt(-l LI7lCJ nl ':i fl~l ~ bl UU,Jli.lu~?l(1l'Unl ':iill \ll ml'UVil bb 'U1Vll-:)1 'Unl ':ifll7lal'UV! 'U~Ur1lA-lAt(-:) 

Ll7ltJnl':iVll':i~d1u~'UAlA.:JfI~-:)~-:)~l7lbbfl~~l~l7l~b""lJl~~lJ~~17l LI7lCJnwvh Optimization kWllJ~fl Opt 

Ques t for Arena ~\1\lln nl':iVll ':i~d1U~'U Alfl~flt(-:)~ bVllJl~?llJ~?l17l vll1~flllJl':i (1i.ll7lal'UVI'U~'Ur1lA-l A~-:)LI7lCJ, , 
. v 

btl~CJ'U u-:)~'UAl~-l 20 "JlCJnl "J \llm~lJ 9,745,465.98 UlVi fl l7lfl-:)bU'U 5,315,336.72 UlVi LI7lCJi1llJl'j(1fll7l 

al'UV!'Ui.l~MAl7lbU'U 21 btJu{b~'U ii 

Y1f'1tJtJ tJ':i~tJ':iVl-:)~ bbfl::; 1'V'lU,HJ 17ll1Cll7l1fl (2549) 1IKvllnl':i1~tJb~u-:) nl':i?1n"cll-:)l'Ubbfl~tlumbuu-:)l'U
\J 'IJ 

~-lVlll7l'UfI':i"J l'b ~lJl Ll7ltJvll nl ':ib tJ~ tJU bVitJunm"JufltltJ'Utl-:)~th tJ mll1JBu~-:)l'U1'U n\J n':i"JlJ nl ':i~l I.JtJl nfll 

"Junl':itJBu~-ll'\.l1'U':i~Vlll-:) n\ln'i':ilJnl ':i~ltJtJl fllllJ~naltl-:)1'Unl':i~lCJtJl fIlllJboVlhl'Ub~u-:)nl ':iH'tn bbfl::; 

AlllJYI-:)'V'ltl1 \J'Uu-l~:rUU~nl':i ~,:j nu'U bbi:1~VI~~nl':itJ:rutJ"J-:)lG nl ':ivll-llU nl"J~m~lnl Wh -:) l'Ubbi:1~tlumbuu" , 
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'l tJA vtJ'VtJ~~tJltJ llfllu5u~li1 n\l m'llJnl'l~ltJtJl nfll'ltJnl'lu5U~HUL'U'l:;Vlll~ n\ln'l'llJnl 'l~ltJtJl\l1 n 

'tUl~tJl'YI nl uv1 lJl il~~tJ'l~1 tJtJlc:rUltJ'U tJn L 'U'1.iJ ~llfll 9.00-12.00 'U . \ll nl'U~'U'YI ~il~l'U An~ llfl:; Ul U'iimJfl 
, '\I , V 

'UtJn cnlJl'lC1U-rUu~'li5 nl'l'vll'lI'UltJ'U 5 .ff'UVitJ'U Mllrl nl'l-ru1UK'ltJlllfl:;Y1lJ'0tlfllntJl nl'l~uf'J1UK~tJl 

nUtlcnn tJl nl 'l ~VltJl nl 'lVi'll\l?ltJU tJl llfl :;nl'l~ltJtJl lVltJ1,xiJ nl 'llyjlJ\lVlVi'll\l?l tJUtJl ll,fl::; nl 'l~ltJtJl, 

'V~ull n fll'l tJA tJ tJ'1JtJ ~1LJltJ llfl:; nflluDu\ii~I'U1 'Un\l n'l'llJnl 'l~l tJtJl fl Vlfl~tJtJl'llj,:rm:fIAfk! (P < 0.05) LVltJ 

nfll'ltJ AtJ mtl~tJ 'VtJ ~c:r~UU~nl'lflVlfl-:]\lln 46 'UlYi 15 l'UlYi ltJ'U 26 'UIYi 37 l'UlYi 1'U'Vru:;~ nfll 
'V 

u5u'i~1'U1'Un\ln'l'llJnl'l~ltJtJlltl~tJ flVlfl-:]\lln 4 'UlYi 33 l'UlYi dJ'U 4 'UlYi 17 l'UlYi ~l'U~tJtJfl:;'VtJ~ 

AlllJC1naltJ-1 1 'Unl 'l~ I tJtJl ~tJtJfl:;'V tJ'lf1JllJl'ih1\11 'Unl 'lLoiitJl llfl :;'l::;v)U AlllJ.w'lY1 tJh'Vtl'leHuu~ nl 'l hi'\"ju 
'V 'V 

nl'lfln1jlvl'l mill ?lllJl 'l "u11UU'l:;~ nVi1oii'W(;lJ'UIU'l:;~V1BmY11'Unl 'lvll'lI'U'Vtl-1-:]I'U l.f1 ~'I5n'l'llJll,fl :;'lI'U~'U 1 

'Vtl'lLH\lIltJlUlflM 

i?l'l lA -r~')'U'Yl1'lltJ (2 550) fln'\jll~tJl nUn'l:;m'Unl'l~VI~tl~VlVIl'Wi?lVl LVltJnl'lU'l:; mm IAl~ltJ1B 

V11'lBl~nVl'l€)'un~ (e-Auction) llfl:;LoiilVlfl'UA nl'l?l~l~ llUU~lfltl'l ?lC1l'Unl'lrum:;Ul'Unl'l~ 'ln\l (Business 

Process Simulation) 

~ v v 

vll~I'UA'V'Ul 'Ullfl :; nl 'lfl VI.;r'UVitl'Unl'l~VI;StJ \lVlVllfl-:] n\l:;i?lllJl'l C1flVl 'l :;tJ:;nfllv1llU'Unl 'l~VI;Stl ~VlVlI 'lllJfl~ 
" 

1~ 14.30 lUtJ~l~'Uii il'l 20. 10 lUtl~l~'Uii ll,fl:; 16.56 lUtl~l~'Uii il'l 24.49 lUtJ~l~'Uii (1)llJ~lvlU ll,fl:;nl'l 

Ul~'\j'\jl'l:;U:;tJ11 lJlLoii \l:;i?lllJl'lC1flm::;tJ:; l lfllv11lU'Unl'l~VI~tl ~VlVll'lllJ1Jin-1 74.92 l U tJ ~1,~'Uii ~~ \l:;vll 

L~lJflAl'W?lVlfl'lflb'1''lflVlfl'l1~ 9.13 lU tl~l~'Ul11 Q'l 58 06 lUtl~l~'Uii" , 

v1l'l~fJ'YI~ Y1fl~lVi~ (2 551) 1~flmnb'1'mjru:;nl 'li?liTfI'll.ulfl m~lv1tJ~lJVlll'YIUl ~m'YIflL'ULfl1hl'15 

lJ'lAfl lVltJlb'VVi'\"j'l::;'UfI'llVlUtJ LVll'Jlnuoiitl~flnl'li?liTmVln1 10 'UlYi L'U bbv1fl:;~l'lnfll ~l'lbJfllfl::; 1 .;{lllJ'l 
v . 

v1'lbbvinfll 09.00 - 16.00 'U. 'lllJ 6 ~l'lbJfll ~1'Ul'U 6 l'U Y1Ull ~1'UJ'Uun~n'\jIYllJli?l:WA'lVln~l~nflllJ 

nl'l bb\lnbb\l'lbbUUth~'1lB~ LmJ'lh'lnfll~ 2 lJe)(1)'llnl'lb'UllJli?liTfI'llJln~~VI AB 1.29 fI'Uv1B'UIYi lbfl:; 

~lmfll~ 6 lJe)(?1'l1 nl'lb.ullJli?l:WmUBtJ~?lVlAB 0.06 A'Uv1B'UlYi 'UBn\lln.ifEJ'l1vi'fln'\jl b'1'n'\jru:;nl'l1 ,xu~nl'l, 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 

http:lvll'lI'U'Vtl-1-:]I'Ul.f1
http:9.00-12.00


27 

'U 8~ l~l'vn:h~~\Jr;;:UA'lV'lU1l elvl'J1 m 'J1~1J~m 'JY] n~(7)rim'J LL\J nbl\J~ lLuuv1) n'1i1V'l LU 'Ul;UtJil l\11tJ~ elvl'l11 'U m '1 

mu n.vi'J lJ ~ 'lJ ,,,1nfim~lil~luhJ 'lLln'llJAulJ~":nvm~ OJ 'il\111~u~m'l~ 2 riAl?1~?1\11 Au 0.67 'U1ViviuAU V,~8
\J , \J , 

'J:::UU l (i) tJLu ~ E! riAlmn~~\11A8 1.37 'U1VlviuAU ll(\:::~\11U~nl'J~ 1, 2 lL(\::: 3 'lu'1il~Llm~ 6 All:utl1'il::: 

L1J'U~'il:::1l.i iJ ~:!J1-ruu~nl'l1U'l:::uurirh:!J1n Au 0.97, 0.95 ll(\:; 0,98 vnjJ(;h~u
" 

'U~ ?1 1 A'iJulY'1'J'ti~llil:;AOJ:; (2551) Mvh m 'Jfin'til m'J'illil8.:J m:;Ul'Um'J1v,(\llCJ'U'U8~0mn 'l 

A8CJ 'Ul'U~~(i1 \11 nJu~.:J '111 l?1'U ul6m'JU~1JU~~U 'l:;~'\Il5mYjm'J(i)1 lUU.:Jl 'U Lvi u(\\1l'l:;E! :;Llill'JBfl tl tJ vltl1 U 

,nnt:,J(\nl'Jfln'ti l n\1m'l:Unl'J(il'll'ilv,U~~m~UVl1.:J (Passport Control) lUUn'il m'l:U~?I~l.:J'J::: CJ:::Llmm 'l'lu 

AtlE!l~~l\11CJ?I ' li :Ul n~rI (7) 'J8~il~:!J1Aun'iln'l'JlJL~A 8U (Check-in) LL(\ :::n'iln'l'llJnl'lV1'Jl\1f1U (Securi ty" , 

Check) m:U1:11 ~u L~mh:.J~'Utl.:J'J:::CJ:::Llm m 'l'ltlAtlCJ'Utl.:J0\11CJrll'J1'Unl'J~uu~m 'l1'Un\1n'lllJvil~1 m 

LLJ~CJulVlCJunu'J:::CJ :::nm 'JtlAtlCJ?I~rI(i1~rn(i1CJrI1'JCJulJ~U1J1 'WU1l 1un'iln'l 'llJL~A8U (Check-in) rI lCJnl'ltJU 
'" " 

11 nl'J1-1i~n'tiru:::vltl LLm lLUU Multiple Que ue Llil :::L~:u'illt!l'ULA1ULV1tlfl'v1U~nl 'lOU 8.:JJ.:Jrltl.:JrlltJnl'ltJ'U 

Ltl'U '\Il1 ~ L~ u n~ LV, :!J1:::rllJv\rI \11 Uil::: L~lJL~lJl(i1CJnl 'lU~U L~lJ-;Jl'Ul'ULA1ULV1tl~ LL(\::: m'v1U~nl'J\11 n L~lJ LVh flU 30 , " 

LLfnAtlCJ1J1LD'Umjl.:J~ 

'Ulilu'J Ln~ntlmJl (2553) lLfl'Jl:::v1m Wh~lU'U8~'J:::UUnl'J1'v1u~m 'J~thtHLt:.JunnlCJm'Wlhu\11 
, , v 

L'U tl.:J 'ill n 'ill 'U 1 'U~th tJ Vl:U 1 n:V 'U mh ~ 
" 

vlel L~tl~ Yh~l'v1LLt:.J'U nnl tJm 'WU1U (i1U'J:::?lUUftjV,l L~ t.n flUnl 'J'Jtl~1JU~m 'Jl DUL lm~tJ11 Ul 'U ~lUl~tJd~~1J1 

~.:J l~'U1um'JL~lJu'J:;~'Vl5mV'l l(i1tJ~(i1m 'l L~el~'Utl~ 1:11 (ilUnl 'l'JtlAeltJ LYlelvh 1 'v1?lllJ1 'l fl il\11 Llm'U u~nl'l'l uA tl tJ 

(111'l1.:J m'lU51J~~lU'Utl~L~1V,iJl~ Lvitl1.;n 'Um'Juel niLuu n1'l'-Illiltl.:J?1f11'Unl'Jru \11nJu~~1J1vhm'lrl ~1~ 

Ll UU-;J1C18~l\11tJ1mU 'llln'llJul~tl1 t:.Jil'Utl~A'lltl~tJ m'J1'v1u~n 1'l\1~~ nelunl 'lU~UUHYjU1l Llm~~th CJtltJ1'U 
, " " 
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\)In a AULD'll 5 A'll LLrI~rI(Y1r-J'llltJtrnnltJJIl'\'flhtr\1l\)ln 3 A'Ul'Utl 2 Atl \)~~llJl"HlrI\1lnrll'lJu~nmnl'l
'V 

1~tJ~m	'l~-:JVl lJ\1l bW~tJ1vl 56 .5 6% b~ mVltJUVll-:Jvlltl!!l'U'V]tl lB~Ul b~tlU1~r-JrI;;1'\!'1 5.yj &1 ~'1 (i1 

'V'IrI~n~ blnl~l'l'lru (255 3) ~'m:mhvnhtJul Vi l "m'lill'lI~ lb"'~V1~-:J lJrnllJ~:1l'UtlAu':)UlU~tlAlA':)
'V , 

A;;1':)'lJtJ -:Jr-J ~(i1i1ru.nvil ~ 1 H lY; ul -ubDtl~tlAl~l'lu ~ (B uffer) 'l ~ Vlll.:)~tJ~ -:JAlbrl~ ~tJ '\fIltl~ljAJl:W1:J blUtlutl 

llrl~ l'~ u'lv1~llJl 'lfl(i1uU ~'UtmiuAl l )l!!lu .:)nwu u':)rI nAl 1vlCl 8l-:Jo n Au.:) 'll(i1 L~l UruVl l 'lJu.:)U~,;'VJ n'lru~ n'\:l l 
'V" 	 ~ 

U 
v 

lV; uV1lll 'UJ Vll ~rI(i1ril'U'V]'U ''lJlJ nl 'l~ uA'lu-:J~tlAlA':)A ;;1':)lL~cJ~ A-:J~mm~(i)u nl'l(i1 UU~ tl u~ ~uAJllJAu~ nl 'l 

'lJ u ~rlnAl L(i1tJnl 'l blu~milJ~tlAlrilltJ1B ABC Classification 1vl~'UAln~lJ A ~l'UJtl 128 'lltJnl'l ~tlAln'" 	 . 
~lJ B ~l'UJ'U 136 'lltJnl'l llrl~~'UAln~lJ C ~l'UJtl 299 'lltJnl'l L~un~'UAln~lJ A YlljtJ~lJlrunl'l'lJltJ 

~-:J~\il~l tl l tl 15 'lltJnl'l L'Utl(illLl '\fItl lilVlAUAnl'l~~l':) llUU~lrlu.:)~m'Unl'lrun'l~UJ'Unl'lU~V1l'l~(i1nl'l" , 


~'UAlA':)A~':) (Simu lation Model) vlltJLtJ'llLn'llJ ARE NA nu~.rrtl 10.0 Llrl~lilA~u-:Jlju OptQuest for 


Arena Vll Optimization L~ U Vll'l:::;(i)U~tlAlA':)A;;1.:)~.:)~(i1 (Maximum Stock) LLr1~~l~\il (Minimum Stock) 


~lVllJl~ 61lJ r-JrI nl'l tJ 'l~lJlrlr-Jr1 LL UU~lrlu':)61mtlnl'lruvlltJ 'l:::; (i)U~'UAlA':)A~~~':)~(Y1 (Maximum Stock) lLrI~ 

'V • .. 	 . 

Al~(i1 (Minimum Stock) VlLVllJl~61lJ '\!'lUll ~llJl'lflrl(i1 ril'U'V]'U'lllJnl'l~uA'lu,:)~'UAlA-:JA;;1..'Jltl~tJ'lJu..'J~tlAl 

~..'J 15 'lltJnl'l 'llm~lJ 105,698.6 UlVi rI(i1r1-:JLtJ'U 94,587.92 UlVi V1~u61llJl'lflr1(i1riltlVltlrl..'J1vll0.51 %, 

l'l5'U Ll61~l'1n (i1l (2554) Vll nl'l~ n'\:ll'l~uunl'lill LUtl..'JltlJlltJl'UA;;1':)~'UAl~\91mVl n'l'llJulV1l'l 

m~tJu..'J LL", ..'JVI~..'J ltJtl'l(i1~n~'UAl'll n L 'l-:J':)l'U~ L:ntJ..'J1VIl.hlr1~ 'lllJ'V'I 'l A~.:)~tlAl(i)-:J n~ll tJ'l~~UUruVll nl'l~(i1ll':)
, 	 , v 

v . 

nl'l~m:llnl'l~\il l l..'J~'UAl 3 'lJU\il l~lJYlljnl'lnlVltl(i1Y;tlYlnl'~~ml..'J~tlAlu8l~rI~Lvil'1 fl'U LL~rilltJ~'UAl 

'lJU(i1~ 1 iJtJ~lJlrunl'li..'J~u.yj~~ LLrI~~lltJ'Urilu~H'~tlvh tlnl'l~ml':)lJl nnll~'UAl'lJU\1l~'U '1 ~..'JYi'llVfrilu.:)th 
~UAl'lJU\il.yj 1 1tJll..'Jluu~nru~u.yj'lJu~~tlAl'UU\il.yj 2 VI~mJ~nru~tl~'lJu..'J~UAl'lJU\il~ 3 l:lJmn(i1nl'l l l..'J 

Simulatio n 10.0 Llrl~.uulJrI~..'Jll~l'U.yj 1 :lJtllAlJ 255a - 30 'V'I~'\:ImAlJ 2554 lUnl'l~lrlu..'Jnl'l~(i161'l'l 

~'UvhUnl 'l~\illl.:)~tlAlJlltJ1tlA ~':)~tlAl 1tlnl 'lv1l1~tJA~..'Jd:lJ nl 'lLtJ~tJtl'l~UU nl 'l~\ill l.:)i1tlAll~lJvlltJ nl'l 

tJ'l~~n\911.u'l~uu ABC (ABC Analysis) l~m~uml~i1'UAl(i1llJAlllJ~LLrI~tJ~lJlru l'yjurl\ilnflllunl'll~'UVIl..'J 

1tJVliJU~tlAl 'll nr-Jrlffivl61llJl'l Orl(i1nmltlnl 'l L~tl'\fll..'J1tJVliJU~UAl1ril 8% llrlll 'U nl'l'lJU~'UAl1tJ cJ':)'lfl~':) 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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http:UAl'lJU\il.yj
http:94,587.92
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~'UAl 4 % LLrl ~~llJl "H1 nlVl'U~~'U~'i'1 l'yd\.nl~~'UAl LLvirl~'UiJ~lJlLL'lJ'U eJ'U 'v'I~mJ~~ '\J'J~~ nl'1f1l"J1·il' Barcode 

LyjeJrl(?1 L1fll1'Unwu 'U Vi nieJlJmllJ'VeJ';) ~'UAwih-eJeJn lJl lJl 3,985 .41 \nm~CJ~nrll 79 1'U 
" 

, , , 

'l"IUll 5mlV1~ n AlLillJl-ruU~nl'JvieJ'UlVl iJnl'JLL'ilmL 'il~ LLUU negative binomial V1Albw~mvilnu 5 A'U 

bbrl~ blmnl'J1,xU~nl'J:iJf1l'Jbb'ilmb'il';)Lbuu'\Jn~~iJAl bw~CJ 1.6 Al L~CJ';) bu'UlJlm.lll'U 0 .6 'illn nl'J\ll rleJ,;)'J~UU 

'ViUl-ILlrl-lbw~CJ~rlnAl1'iheJ-ruU~nl'JAeJ 1 'UlVl 55 l 'UlVl AlllJCJll'(JeJ';)bbmAeJmw~tJ 422 A'U bbrl~AlllJ 
" 

'V eJ~\ll'Ul'UVI'lJltJ1,xu~nl'J 

Munir B Sayyad (2010) M8eJmbuul'\J'JbbmlJbbrl ~ ~~l';)bbUU\ll61eJ~ byj861(?1L1mbw~ CJ'VeJ';)nl'J 

1V1U~f1l'J'illmbmAeJm~uu M/G/ 1/ oo/oo l(?1CJ1-lim1:ll C++ bbrl~niJ Little's Law bbUU\llrl8';)'il~bbM1~ 

el~'Jlf1l 'J byjlJ~'U'V eJ,;) nl 'J billJl-ruu~ f1l 'J bbrl~M byjlJ\ll'Ul'UVI'lJ1CJ 1 ViU~nl 'J~ llJ el~'J l f1l 'JbillJ l~ byjlJ;'U'd bV;eJ 

Al'Ul rum \ll'Ul 'U VI 'lJlCJ1VlU ~fn'J~ bVllJl~~lJ~?lV1 vh1,xVl 'JlU nrll bw ~CJ'VeJ~ fn'J1,xu~f1l'J~tleJ CJ~C1(71, , 
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d 
U'Yl'Yl 3 

lBdh b'lltN1 'Lll:5'tI 

3.5 nl'i rhVluA~l'UlU'ieJU nl'i~ln eJ~ i:'\ fIltJnl'iru 

3 .6 nl'i(91'il\li:'\eJ'UfIlllJ fln~eJ\l LLn~f)lllJ?llJ LVI(91i:'\lJt:-Jn'UeJ,m 'U'U ~In eJ\l" , 

~th tJ~lJll') llJ UAml\l Li:'\~ \l VI~\l\ll nen ~tJlv1'vh nl'i Pi mil n'i~mu n l'i vll \llU 'U eJ\l'Vll\l LLt:-J U n eJ l tJ'j n'i 'i lJ
" " , 
lh~ Lil'Vl'UeJ\lerUltJ.lll tJ1'LlLLe.JU mIu en~tJlv1'vll nl'i LLtJneJeJnLuu 3 U'i ~ LJl'VlfleJ erUltJ~~eJ\llUVlUltJ\llU 
"" " 

iU'jml'lf) (Blood Test) neJu~ULL~'VlcJ ~UltJ~~eJ\llU'YI'\.htJ\llUL€ln'IJL'icJ (X-ray) neJU\"j'ULL~'VlcJ lLn~ 

~U'ltJ vfJ1U~lJl'l'I'U LL ~'Vl cJ L~eJA ellnl'ilA tJ1~(9)eJ\llltJ n 1U'YIUltJ\llUiui.'lm1'i f)'YI~eJ VlUltJ\llULeJ n'IJ L'icJ n eJU 
\J " " 

i.'lllJl'ifleJ5UltJl~~\ld 

1. erultJ~~eJ\l1UVlUltJ\llUiui:'\I')'i1'if) (Blood Test) neJu~'ULl~VlcJ l~eJ~UltJlJl(i\ll'l\l~tJl'Uln 
"" " 
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http:LlLLe.JU
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LbtJ n 1 tJ LLt-J'lJn n TlL~'ULLi:1~~ltJtJl 

2. ~UltJ~~tl;j1tJv'l'lh tJ -.11'ULiln'IJL'HJ (X-ra y) neJ'U'V'J'ULLYfVltJ L~tl~UltJ1JlD-1h -.1YW1UlCl ~UltJ 
'J 'J 'J 

L il n 'lJL 'J tJ ntl'UL.vl'V1'U LL'V'fVltJ L~tl ~Ul tJ1Jl~-.11 'J-.1'V'ltJl'Uli:1 ~Ul tJ~ tl-11tJ nvllJ mAl~~nv)'U\il'Jf1T<illnJ'U
'J 'J 'J 

'VW1'U 1 fl'J ~ L~ tJ nintJ'J ~101~Ul tJ L~e:J~UltJintJ'J~101 L(\~'J~UltJ,<\) ~~e:J-11 tJlVlfnllJv1'U 'J 1 nJ'UYW1UlCl'J ~ 
'J 'J 'J 

~ r r QJ ~ .:::::.I QJ V 0 <V "=I 
\il'iT<il 'U eJ-1 LL'1Wl tJLL\il~~'\Il1'U Vlfl-1Iil'J 1'J L(\'J,<\),<\)~lJ'VW1'U lflAVlme:J;jVl~-l \il'Jl'J AeJtJ ml'J (\eJ 'UA1(\-lLL~'v1 tJeJ n 

Af;j LL~ ~1~U\il'JA11mjLLn~UltJ LY1eJ1~~UltJ1tJ'JeJ~'Uu\il'iuVlAf-l~eJ1tJ LLi'11~-lLLtJnhJLLt-J'Unnl'~L~'ULLfl~ 
'J 'J 
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http:tJ1Jl~-.11
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hi , " < .......
VJ'Ul tJ-.ll'UleJ n'!1l)(J 

......... ... .. ............... .... ............. 
~ 

l~'U''1ll~~U ltJYlvleJ~l \I l::; l~ eJ\iitl eJ1.Jl-Ul'l-1Ulb'l-1Y1 tJ 

li1'UYIl~r:;thu~vla~l8n'lJl ~tJneJ 'Ul-iil'l-1\J 
~ 

ll"YmV'vl~eJ r:;Ul tJ~11 tJ 

l~'U YIl~rrUltJ~vleJ~ l8n'lJl '1 tJ neJ'Ul-uTwulb"YmtJ, 
l~1..JYll~r:;UltJ~11tJ, 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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v 

250 ~'Uv1ill'U ';Jln<Utll;!(lUil'U'VI~-l 3 b~tl'U l'l-lbbv1b~€l'Un'lnD1AlJ 2556 - b~tl'Un'UtmJ'U 2556 'tJ€l-lVll-l 

1HV1 m'\J1(l b 'Jl(,{ llJ1'JLhlJ11bfl'll:::~b ~€l'VIlbU tl~b~'U~u'J~a.fl'Vl'tJ€l-l~U1CJ~-l 3 U'i::: b.fl'Vl \I1n'<ih'U1'UU\?l 
" 

lU€l~b~U~ ~thtJ~~tl-llU'VI'l11CJ-ll'UbBn'l!mJ (X-ray) ri€lU'v'IUbb'v'l'Vl~A\?lbU'U 5.67 bUtl~b~U~ bl(l:::~thCJ 

~11U~lJ1'v'1Ubb 'v'I'Vl~b ~€l\?l€llm'il(i1CJhJ~€l-lbbCJn1 U'VI'lllCJ-llUoO'U('{Iil'i 1'i~'VI~8'V1U1CJ;j1'Ub~n'l!b'i~ri€l'Ub<Ul'V'lU 
" " 

1'VIbl:in~UA(i111nl'ilJl~w5'1lJ1n \I:::vh1~1il'.i1\ll(,{~';Jl~lnlln1'JlJ1~-l1 'Ul 1m(,{lCJ ~~vhh11'U'!h~boill b 1m 

6:00 'U. ~U1CJ~€l~lJlri€l'Ub ~il~';J:::v1€lfh~m€ln(i1U\9l'iA1\lln~n(i1oJlil'.iA1 b~€l1'VI1~A1bb '.in'" lb~'VI~-l\llnJ'U 
" "I 

~tJ1CJ~€l-lb~m1(llU'J:::lJ1ru 1 .&lllJ~ b~€l-l,<\)ln'V'lm'\J1(l\l:::b~lJ1~u~nld~nm 700 'U. ~~vh1~~tJ1CJ1i 
" " 
nm'J €lA€l CJ'Ul'U 

bu~CJVi'U1UlJ1n 
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'Lhd'~~'\J'w1'U°lh-lL1f11 700 'U. - 8:30 'U. ~ln0'U~:mJ~tJ'Uvn:ilvhtJvhumUVlY1-¥-l~'i)hfltiLLn~u1tJ~
~ . ~ 

L(1~OJ~mllnnl'j\?\'j1~lU0J5tJOJ'U~-lLlmUVlU~nl'j ci1'UVW IUlfl ~b'I;l~'i)5n 1 A'U ~ 1ii'€l-l1tiU~nl'j\?\'llOJoS'n 

tJ'l~l~ nB'ULlfl 10'W OJ:;iJvn~I~Vl~nA'i)\?\'ll~oS'ntJ'l~l~\?\fI€lVl L1fl lvhrm LLl'iihhJiJ~thtJ1VlllL.vI:lJlVhnl'l 
~ 

bU~tJbL~liJLL~Vltlfl-l(il'll~~I'Ul'U 6 ti€l-l lVlmL~Vltl~~ml\)~-lLLriLlfll 15:30 'W. Lvil0'U \?\1'lI-lLlfllnl'l 

1tiu ~ nl'l1'UbLI'i~:;VltlltJ-lI'U'U€l-l LLe-J'U n€lI~'jm'jlJ LL6'\Vl-l1'U\?\l'j l-l~ 31 

,------------------,--------,--------r----------------------------­
~1'UJ'U_m~U~n 1';1 

6:00 'U . - 12:00 'U. 

6:30 'U. - 16:00 'U. 1 ~VlU~nl'l,
5 

7:00 'U. - 8: 30 'U. 4 OJVlU~nl'j, 

700 'U. - 16:00 'U. 

1 7:00 'U. - 16:00 'W. 

3 7:00 'U. - 16:00 'U. 

8:30 'U. - 15: 30 'U. 2 ~€l-l 
6 

9:00 'U. - 15:30 'U. 4 ti€l-l 

1 7:00 'U. - 16:00 'W. 

5 8:30 'U. - 16:00 'U. 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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0~tJ'vhnl1lnuim~rleJ(9l'nnl'Wihm'U8-l~thtJ1u'1h-lnrll~l-l 1 'U8-l~UltJU(i)~-l~U 250 fl'U 

'\llmlmnl1n(i)U(9l1Al'li8-lr:JUltJll~n~)ltJ 1'U'Ul-lllrll 600 'U. - 1200 u . ~-llf1~uml1J'1hm'v'l~m)th-l
" 

l~8 Al l1J~'W1'Unl1rll'Ulru l~tJlinn 11'Unl1lnui8l;jrl1'Ul~8'U'VH1Y'1~ nltJU 'Y'U'1. 255 6 dJ'Ullm~-l~'U 1 

l~8'U eJVI'lI nl11J1'UeJ-lr:JUl tJl~mi2~tJ1Ull~rl~'l51-lnmllC1~-l1'Um'V'l~ 3.3 
" 

2 '~'" 
175 

100 

16;) 
~ 

...­
Q:: 1c:.i) 
::;)

''! c.; 12 0 
~ 

B 100 
,~ 

.-:;:> 
( 1))~i' 

S 60 , 
~ :;-,;t 31.$ ..co 20.4 

8.6 6.420 2:6 ­
:) 

7:0 1-2.:')0 301·900 9;)1·10:00 10:(1 1·11:C(' 11:01-12:CO 

ih~u'U1~U~nl1~thtJl1J1~'U~'UY1 ;;oil'U~UltJ~m~-l1'U'l5T:J11i;l1~'U1 0u '\l~l~ \9leJ-ll~tJnm1'Unl1,)8 

'Ul'Ul'v'liieJ'Ur:JUltJ1'U'l5l-l11nl 6:00 'U. - 7:00 'U. l'Y'~11~~1'Ul'Ufl'Uvi8tJlu1:;UU\l:;iJhj1J1n ~-l0'U1:;UU
" " 

81'\l'\l:;lC1~'\liuofr'U(9l8'Unl1~UU~nl11'Ullnl1n~lAtJ-l nu~ultJ~1Jl~-l1'U'l51 -ll1m~U1 tllU 'U1fI '\llnL'v'Ifll~rl 

oUl-:J \9lUv1n~111J 10'U~-:JC11m1nC11tJlv111 1:;UUnl1UVI'U8-:JVl1-:J lle.-J'U n~thtJu eJ n81 tJ1 m 11Jfll1 \9l8-lii nl1 , '" 
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3.2.3 bl~nlunl':ilViu~nl':i 

'1 'Unl':inl':ibnu-utJlJm1mlunl''i11Xu~ nl':i (Service Time) 1'UvnhtJu~nl':i~€ltJ'1JtJWll.:Jllirun 
" 

~.:J bbliil~mJ mnDlAlJ - n'UtJltJ'U dJm~tJ:;Llm 3 b~€l'U tJml'U1'U~1'U.:Jl'UU~nl':i'1J€l~V1UltJ.:Jl'U'il'U~(?l'i 

11A (Blood Test) bbn~VlUltJ.:Jl'UbBn'llb'itJ (X-ray) ~iJnl'ibbtJn€l€lnhJel~~~l'U~'U Bn~.:JiJ.:JltJ'UVlUltJ.:Jl'U 

viiJnl'i11XU~nl'i~thtJ'illJVl1.'1lmbr.J'Un 'illJ1'\.J(i.:J nl'ivi'i:;uuuuVi nAellJ'IAIll(?lel 1'1Jel-J'Vm1 'i-J'Y'ltJlUl1.'1tJ-J hj
~ 

VlUltJ-Jl'U.;1 en~tJ~-J1J1Yllnl'ibfhJ-iitJlJnblmnl':i11Xu~nl'i1'U~l'U;jl'UU~nl'i'1JtJ~VlthtJ.:Jl'U'il'U~(?l'i1 'i A 
" " v 

lb1.'1:;VlUltJ.:Jl'Ul~n'lll 'i8 1(71 tJ nl'i'1J€lf11llJ~llJiJmll n'Y'ltJlUln~~(i1~m.hdJ~ 1~YWlUlnn.:Jllm'1JtJ-:J~th tJ 
, " 

lllii1.'1~ 'iltJn-:J1'U1uUlu LlnlviHI'Vhnl'ielelmluu~'Uv1.:Jlbr1(71.:J1'U.rn'Y'l~ 3.4 ~ l m.T'Uvllnl'ifll'UlruVllllmnl'i 

1~U~nl'ilvWbQ~tJ1'U~l'U'1JtJ .:J .:Jl'UU~nl'i'1J€l-:JVlUltJ 'll'U'il'Ur1~1'i1 'iA lln:;mhtJ.:J l'Ub~n'llmJ 
v 

., ·lll:..l;:""~_ ~~~ ; ~ "'.1.. 1. . •. 'r;;A'''-Q r.:. '' - ,." -..a:~'.:~w:::t • .'r:'V' -': 

llJJ UJ ~ 11 OJ uW...\tJi.uv. !iL~ !!.aill ! , r 1I ;I 131n1 I.ufillJLJl3:!Jl.l1 

/ 

-
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Input Analyzer ~-ll'U'U~l'UVl~-l'VD-lhJJumm:n~Ul l~tJhJ';i bbnJm:::;bbCl~-lt-Jfle:ltl nm1'U~LJlb'U'Ubbt-J'UJJ:lJ 

bb'rti -l (His togra m) (9l1~oUm;lfl ~ ~l~mJ D'Ub'ihhJ "ill nS'U hJ';i bbmlJ(;'11lJl';imU~tJ'U bVI tJ'U ~U bb'U'U nl';ibb"il-l bb"il-l 

'VD-loUD ~fl1Ubbl'lfl:::; ';iUlb'U'U1~ 1~ tJ1U ';i bbnJ~"il :::;bb?l~-l t-JfI~Y-I6'Vll-l(;'1 ()~I'll-l '1 b~u Albu~ tJ ~lUb~ tJ-lb 'U'U 
" " I 

m\9l';i3}l'U Al P-va lue Alt-JfI';i1lJf111~~~V'lfll~tJnnl~-lClD-l (Sum Square-error) bU'U~U 1unl';i 

bu~ tJ'\JlVI t.1mUbb'U'U nl';i bb "il n bb "il -l-UD~fI'hU~-UD~fI11'Ui:hu bb'\J'U nl';i bb~-lbl"il-lbUUbb'U'U1Vi (;'1 1m';i ()'Yh1~VitJ 
'IJ '\) • 'IJ 'lJ 

16 Chi-square Test VI~ D 16 Kolmogorov-Smirnov Test b'\J~tJ'UbVltJ'UAl P-value ~-l~:::;tJDlJf'U 

?l~~~~1'U Ho nl'lm~DAl P-Value > 005 ~';i:::;~'Uf1l1~~1-lf1l1~b~mj''U 95% (9l1';i1-1 ~ 3.2 bb?lVi-1 

~lDV l-loUDlJfI~'U'VD-lnm1Unl';i1~'U~nl';i'Vfl-l"il~-B'nU';i:::;l~erU1tJ\l1'\..nU 50 <UD~fI m~~lnnl';i~'Unm
'IJ i '\J 'IJ 

~U'l lb(;'1Vi-lb~lJb~~1umAB-Jt!ln n . 

VI~-1"illn1mU';ibbnJlJ In put Ana lyzer b~DVll~U bb 'U'Unl';ilb"ilnll"il-l'VD-l<um;lfl'VD'lb1m1 U 1 t1'U~nl';i 

~ ~ Vi-B'nu ';i:::;l~~U1 tJ Y-I'Ull~U bb 'U'U nl';i lb"ilnU~'l bU'Ubb'U'U flD n'UD1~DfI (Log norma l Distri bution) ~-l1~ 

Alt-J fI ';i1~f111~~ ~V'l;;11Vi tJ n nl~'l (;'1e:J'l ~lVl?l~fltlVl 0.0033018 llfl:::; blJD'VlViCle:J'UVll-l(;'1 ()~~ltJ16 Ch i­, " 
square Test VI~e:J 16 Kolmogorov-Smirnov Test Y-I'U111~Al P-value > 0.05 :;s''l?llm';ifltJe:J~f'U1~ 

ll-Um;jfllJnl';i bb"il nll~'l bb'U'U Lognorma l ~'\J bl'U'U nl~lLA';il:::;1.tI-Ue:J~m1;;111Unl';i1~'U~ n l';i~~ Vi-B'nU~:::;l~ 

~U1tJ lVitJ1mu';ibbnJ~ Input Analyzer lL?l~-lv1'lmY-l~ 3.5 
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oV€l:lJ61b1Gnl'Un1'Jl~'U~nl'~~\lVl~mb~l~~th~ ('U1Vi) 
~ , ~ 

1.00 1. 30 1.05 1.05 0.52 

1.17 1.67 0.60 2.13 0.7 5 

1.12 0 73 1.25 0.70 1.20 

3. 00 0.8 8 1.0 1. 88 1.42 

1.67 0. 87 2.28 1.40 0.6 5 

0. 82 0.77 0.50 1.58 1.45 

0.87 0. 85 1.28 0. 63 4.00 

1.2 3 0. 68 0.63 1.58 1.48 

0.58 0. 52 0.62 1.00 1.03 

1.03 1.18 0.57 1.17 0.8 3 
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, , 

KolmolSorov-Smirnov Test lU~tJlHVitJ'Urh P-value 'll'-J~~tJBlJ-5'U"lJlJ&\lil'U Ho nl'imiJB~l P-Value 

> O. 05 ~J~A'UAlllJ~l-.'JAlllJl~mj''U 95% l~tJJU ll'U'UnlJll~ml~-J'UB-:J.uBlJf15(9)JlnlJl'ihlJll~mi:l~tJ 
~ ~ 

lU'lllf1JlJ Input Analyze r ll"~-.'J1'UmJl-J~ 3.3 llf1~ mJl-J~ 3.4 mlJ~l~'U ~Ull'U'Unl'lll~ml~-.'JAlllJ 

1.1l~~ l'lJ'U'UB-.'J.uBlJf1e)(9lJlnlJl.ullJll~mi:l~tJ'U€l-:Je:JthtJ1'Ull(9)f1~~l-J mn llG~ llm11.JnlJ11X'U~nlJ~~~ 
~ ~ , 

'li1-.lblm ';iU II'U'U nl ';i II~1I1 WIl-.l 
'lJ 

fil P-vaLue 

6:00 'U. - 7:00 'U. POlS (175) CorrespondinlS P-value = 0.109 

701 'U. - 800 'U. POlS (318) CorrespondinlS P-value =0.742 

8:0 1 'U. - 900 'U. POlS (204) CorrespondinlS P-value = 0.111 

901 'U. - 1000 'U. POlS (86) Correspondin'S P-value = 0.121 

10:01 'U. - 11:00 'U. POlS (6.4) CorrespondinlS P-value = 0.280 

11:01 'U. - 1200 'U. POlS (2.6) Corresponding P-value =0.063 
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~VlU~n1'J, 'JU bbUUnl 'J bl~nlb~'l 
" 

~l P-value 

~Vlim_h::;lA~thtJ, 
" 

o 14 + LOGN (1.01. 0568) 
Correspondin~ P-value = 

0_216 

~VllVlrnllJ W1U~thtJ 
1 " 

036 + LOGN (0_703, 0405) 
Corre spondin~ P-value = 

0439 

Vlu l tJ,nUoVu?lmbfl 
" 

98 + 102x-BETA (2.67, 2.58) 
Corre s pondin~ P-value = 

0.124 

, '" , 
VlU1tJ-1lUbe:Jn'lll'JtJ 60 + 103*BETA (1.52, 222) 

Correspondin~ P-value = 

0.174 

~\9llJuVlm_h::;lAnl'J-rmjl, TRIA (0.17, 1.34, 1.88) 
Correspondin~ P-value = 

0.689 

~ \91flVl me:J-1 ri e:JUb iil'l"l'Ubb'Y'fVl cJ, 1 + 2.68*BETA (41, 506) 
Correspondin~ P-value > 

0.75 

~Vl~'Jl~liJ\lirtJb 'iA bVltJbb '¥'lYle!, 1 + ERLA (1.64,2) 
Correspondin~ P-value = 

0.495 

~ v , 
~ Vl AVln'Je:J-1V1~-1'1"1'U~'¥'lYltJ, LOGN (0592, 0.333) 

Correspondin~ P-value = 

0.508 

v 

~Vl1~u~'JUVlA-r-1vie:JhJ, 1.31 + LOGN (3.15, 2_27) 
Correspondin~ P-value = 

0.0846 

(Poisson 

Di stribution) \J~-1 m'1::;\)ln~l'Jl-1~ 34 bb?lVl-11~b~U~-1'i'tJU'U'UnlJbb\)mb\)-1bb'U'Uvil-1'l 'Ue:J-1iie:J:W~b1m1u 
" " 

nl'i'1~'U~nl'i1'Ubbvi'f1::;\)Vl'U~nl'i' .g-:Jijl'h P-value ~:iJlnnll 0.05 .g-:J\)::;l1l1tJH1unl'i"~h~e:J-:J'i' ::; 'U'Unl'i', 

Version 10.0 
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l1l.jYld"Ud"lnld" l~mbti~eJeJnLtJU 2 ~TuV!~n AeJ ~lUnld"~lf1eJ-:JnlWihlJl'UeJ-:J~thtJ bbf1::;~l'Unld"~lf1eJ-:J 

nld1tX'IJ~ nld"~tJltJ 
" 

~'tJltJ1'Ubbl9if1:;'Ill-:Jnf1l~1~~lnnldibf1dl::;~ ~ltJludbbmlJ Input Analyzer f(-:J~bb(1~-:J1umdl-:J~ 3 .3 lJl 

UeJUb oVl~bbU'IJ~lf1eJ-:J 
" 

~eJ-:Jnld bbf1:; fhV!'U~ Entity type 1tXbbn~tJltJ 1U~lU'UeJ-:J Time Between Arrivals b~eJn1oVbtJ'U 

Schedule b;jeJ-:J~lnoVeJufreJ\i1dlnldboVllJl'UeJ-:J~tJltJ1ubbl9if1:;'Ill-:J n~lij~l'\n'U1:tJb'vllnu ~-:J~eJ Schedule 
v " 

fh~-:J Create Module bb(1~-:Jf(~m~~ 3.6 

2. nldb~eJn~l'U'UeJ-:J\i1ldl-:J~~mdoiieJlJf1 (Spreadsheet) 1'U~l'U Schedule b~eJ1~fh5mlmd 
" 

btJ'Ubb'IJ'IJ Arriva l ijm.JJmtJ'U -rrllw b~eJ-:J~lnoiieJlJ~~vhnldbn'\J:iJlJu 'Ill-:J blm'l,h-l'UeJ-:J nldlJl~-:J'UeJ-l 

" 


~tJltJ1Al-ln'U 1 -rrlllJ-:J 1~ril'UeJ-:JdU bb 'IJ'IJ mdbb~ nLb~-l'UeJ-:J5\i1dlnldloiillJll~mu~ tJ'UeJ-lcrlhtJvh~vhnld 

" " " 
ilAdl:;~~ltJludllmlJ Input Analyzer f(-l\i1ldl-:J~ 3.3 ~-l1U~l'U'UeJ-l Durations nldnlV!'U~ril5\i1dl 

mdboiillJll~mu~tJ'UeJ-l~tJltJ1'Ubbl9if1:;'Il1-l11~l(;1-:J1'U Schedule Spread sheet Module bb~~-:Jf(-lmYIVl 

3.7 

:===~\. ... ;-
'.1 f l~·P3Iiens Iht..sSlgn 5. ~ I • I. ~ 00·" 

' - ..~ 
Cre!te 

I Name· Enj jy Type: 
i ,r::c------ ­ - ­ --, =1 - ----;i IPahenls. ailtve ~ Patlenls 

I 

i ;:.Belween AfI;va', Sched.ieN<>l1e: 

ISched~" 31='-"-.-....,"­' ------,.::1 

I 

~I 

! Enj l.es pC! Anival: Max Allivals: 

11 1250 

I OK I Cancel I Help I 

r 
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Sch edule IlL=~_J 
Name. Formal T ),pe: 

- " 
...:::.! ]Duralion 

--, 
_.:J 

Type: 

Arrival 

Time Units: Scale Factor: 

: HOUf S ....:-:..1110 

Durations: 

Add... 

POI S(3;'>-S) . 1 

POIS(204). 1 Edi!.. . 
POIS(86). 1 .. I 
POIS(64). 1 

Delete ·POIS(26). 1 J
I0.4 
(I=r"~ ..... f II~h 

OK Cancel Help 

Schedule Spreadsheet Module 

3. nl'lfhvl'LI(fl~ru?l:WU~tl'l~\lll'll (Attribute) 1~bbn~thtJ (Entity) l(fltJH'fh~;j Assi~n ~;j~B 

Attribute (f\1:W~B-1n1'l1~~(f\'l TNOW ~-1Vl:lJltJO-1llfll'U'J~U'LI~tl'llnDUtmUU\llflB-1 l(i)m~B~thm'ih 

:lJlL'LIllJ~fld 'J~iJllfllU'J~UU'llru~~b'ih~1:W~fld~(fl1'l1~thtJA'LIS'LI1 1tl ~-1AlllflliJ'J~u'LId'J ~~nulu11' 

L'LIAru?l:WU~ Attribute (f\llJ~BY~~~-11l .fr'LI\?ltlurhVl'LI(flAru6'1:wU(f\'ltl'l~\l11'l11~bbniJthtJ ll?!(fl-1LWn'V'l~
'", 

3.8 

I 
, ­" - ," 

(I 
--" 

(~3ti€nS tt.,ssign ::;P3tients arrive I~<I 
I JJ Ql"::, 

Assig n . 'i,ll~) 

Name: 

Ht\;.:.fll -.::J 
A ssignments: 

~J~(, !\'it.t.~.'~~.lu.:: jj:j J .. j Add... j
<End of list> 

Edit... I 
Delete I 

OK CancelI I I~_J 
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aa 


\i11lJalB-1nl'l 1'Llr1l'Ll'Ue:J-1LJ'l::;LiWl (Type) L~e:Jn N-way by Chan~e 1rirhLLJe:J~ L~'Llii'lJe:J-1~th (m~ f1::; 

LJ'l::;b Jl'Vl~1alYllnl"lLLtiA)~-1f1lV1~ 32 f1 -11'Ll r1l'Ll'Ue:J~ Percenta~es '<illm1'Ll 1.urhi.l Assi~n rllVl'LlV1Al 

1'1-1LLn~th tJ~-1 3 LJ"l::;LJl'Vl \i1 1lJL~ e:J'Ll1'Um~~A) ~-1LJ'l::;ne:J u1LJ~ltJ Enti ty Type (nl"l~-1~e:J1VllJ1'1-1LLri
" 

. , , ­,.~... .~ ...... bJ :;;" " )-~~' ''' '~, --\ 

:-" ./i:~·:':~· ,'~" II>­• ' . .' , ' , ,, ,~.,,,,}- . •.•• " . " I 
. ... . ;-' P-:'./ - . - ( '1. 1::;'),- ,.k ' .f, , 

./ --" 
j' ­

D~"::;c~ 	 I ~' H3~1 .- ,Nmre 	 l , <>c 

I· '. 	 ::]:N_;t;i Choo-.c, ::J f-" ':~~;'~:~/ :-­
P6fceot.,' ..~~f1 

-'.. '" ..~ ~ . ,",-,. AIji .. ,i 
Ed<[:"".. 	

I . )
D~~e 

r .",._, '.;I;C~ r-
L. ,- O-K- ] I rCor<:d H~ .­.I .. 

LJ'l::;lJl'Vl~ltJrh~-1 Decide Module 

Assign 	 I 'Y 1"".8_1 
Name: 

,~· ,:dt;~IT,":!':1---=·.1., 	 .:J 
Assignments 

II 	

j, 	r . ..~}....... :\: ~''.J1; ~' .. . . Add .. 
I ,~t",bute, Patients withblood test TNOW 
Variable, runber01 patients, r1Umbel 01 pat EditiEnt ity Pictule, Pictule.Woman i 

i<End 01 ust) 
Oelelei 	 I, 

r 
I 	 I 

; OK Cancel HetpI I Ii 	 II 

(11lJl"lflv111~V1 UL'h~LJ lL'UU nl'l LL'<il nbL'<il-1'Ue:J-1.vm;jf1 Llf1l1'Llnl"l1'I-1U ~ nl"l~~ V1 ~1,:j "1 Vi'l~'<ill n nl"llLfl"J 1::;~ 

~ltJ1LJ"lLLm1J Data Input Analyzer (i),:j~m'lV1,:j1'Ll\i11'l1,:j~ 3.4 UB'Llb.vl~"l::;UUVi'l~':iilf1B,:j~'Ll 

1.1<l1tJril'Ll1VlqjLl~ll'LlnlJ~1f1B,:j~V11'1-1U~nlJ~1-1"1lln~thm1'Ll'<il::;1.urh~-1 Process Module 1'Ll 

nW~lf1e:J-1 fIlYfVl 3. 11 bU'U(;hBcJl-1nlJ':iilf1B,:j'<il(i11tXu~nlJinLJJ::;1~~UltJ lV1tJ1.urh~-1 Process , " 

Module YhnlJ~-1~BllJ~f1\i11lJalB-1nlJ ~r1l'Ll Action rhVl'LlV1lU'Ll Seize Delay Release ldB-1'<illnii 

nl"l1.u'Vl'r'WtJlm (Reso urces) ~-11'Ll~dAm'mlUlf1 ':iil'Lll'Ll 6 A'Ll ~OJ::;v11Vlth~inLJJ::;1~~UltJ
" 

. . 	 v 

l(1~ '<ilLL~l 'WtJlUl(;'lBn 1 fl'Ll YibVl~B'<il::;v11VlulYiinLJ'l::;1~\i1f1B<l1nlJv11nlJ I'l-1LL~ 6:30 'Ll. - 16:00 'U. 
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m1~ bi:'1~~bb~l 1'UfIl"j~1r1 ~_:j~' ,:J,hLu'Ucil~~ bbCJm.h~bJl'Vl'UmffiJlUlr1~~Vld~~mU'U 2 't.h~bJl'Vl1 'v1cV LrW 

fIl"j nl'v1'U\71ril'U~~ Resources bu'UmJU Set ~l'Ub1r111 'Unl"j 1~u~fIl"j~-;U \71.a'm.h~l~0'U en~(J1vlVllfll"j, ~ 

ibA"jl~~~tJbbUUfIl"jbb-;umb-;u~HLb~l ~~0'U~~1'U Delay Type ~~cil~_:jnl"v1'U\71rilbU'U Express ion ~_:j~~ 

Vll11XmlJl"jf11~"jtJbbuu nl"jbb-;U~ bb~,:J\i11lJvhvlibf'l"jl~~b~111
" 

--,.,:" 

L. eo""""" , I 

II Type I Action 1 Pnority I Re$ 

Proc~s -; 

Loge 

ActIOn 

! 
I ' [ nd ol i, t) 

I 

.. 

Dol", T)'l>e: Un/" 

.­ib -"'e-cssio- 1 -­_--,... j !MN es 

Eq:(ess lcn: 

iO 14 • LOG N[I.01 . 0 568j 

1 1'~ 
. 

T_ 

::oJ rs;;,;;;d ~ : 
I 

Pl lOr iy: 

.• ] IMedom\21 iJ 

] AdL I 
EdL I 
Delete I 
~ 

.:J IO the • ::OJ 

2 1'U~llj'lJu_:j Set Spreadsheet Module b~un~'t.hb1JU (Type) bU'UbbUU'Vl'r'V'lCJlm 

(Resource) Vhfll"jb~lJ'Vl~\f'lmme)'U1~bbn 'V'ICJ1Ulr1~vll'v1Ul~.a'ntJ"j~l~u~1_:jb~(Jl (Checkin~ Case 

History Nurses) ~l'Ul'U 4 A'U bbr1~'V'ImUlr1~lJ"v1Ul~ 2 'v1Ul~A~.a'ntJ"j~l~bbr1~vllUmu\711'v1lJ1~~thCJ 

(Checkin~ Case History and Makin~ New Appointment Card Nurse) ~1'Ul'U 1 A'U ~_:jbbi:'1Vl_:j1'U 

Jll'V'l~ 3.12 ~_:j1 'Unl"j 1~~1'Ul'U'Vl~~mm0'U ~~cilu-:j1(l1 'U~l'L!'U~,:J Resources Spreadsheet Mod ule 

~_:j bbi:1\71 ~1'U.fIl~~ 3.13 ~_:jb U1..J(;heJ~ l_:j1'U~l'U'Vu_:j'V'lmUlr1~yhnl"j.a'ntJ"j~l~u~1_:j b~(JJ l\71(J'V'Imulr1~ ~ 

vll_:jl'U~_:jbb~ 7:00 'U. - 830 'U. wh0'U ~lnJ'U~~btJ~(J'U'v1Ul~ ~.:Jcilu.:J~_:jril"j't.JLbuubU'Ubbuu Schedule 
'U 

b~unl"v1'U\71blrl11'Unl"jvh_:jl'U'Uu,:J'Vl~~CJlm ~_:j~u Schedule \i1llJcilu.:Jnl"j \llnJ'Ub'th1tJ~ Schedule 

Spreadsheet Module v1_:jJll~~ 3.14 ~.:Jrh1'U~l'U'Uu.:J Format Type bU'UbbUU~l.:Jblr11 (Duratio n) 

bbr1~ b~un~tJLbUU (Type) bU'U Capacity b~u1~ril bU'U~1'Ul'U'lJ~_:j'Vl~'\"wlm 1'U~l'U'lJB_:j Duration b"jl 

(lllJl "j m~Bn1~rilM':h1'U bb~r1 ~~l_:j blr1llJ'Vl~~ mn "jvll.:Jl'UBVbU'U~l'Ul'U b Vll 1\71 1'U"j::;uu~ en~tJ1~vhnl "j
" " 

~l~B.:J~'Ud 1'U~l'U'V~_:j~mUlr1~vll'v1Ul~.a'ntJ"jd'~B~lb~(JJJ'U L~lJvll.:Jllj~blr1l 7:00 'U. 1VlCJ1'U 

LbU'U~1r1B.:Jffi~~.:Jfh111~L~lJ~Llr1l 6:00 'U. ~.:JJ'U~Llr1l 6:00 'U. ~.:J11llJ'V'ICJ1Ulr1intJ"j::;l~~~ rhYh0~.:J 
" 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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.rrlhl-:J VI~-:J-;;)lmi'U'YHJ1Ulrl~.:j 4- fI'U -;;)~'Yh.:jI'U~.:jllm 7:00 'U ,- 8:30 'U, lU'Ullrll 1 .rrlllJ~ 30 mY] Al~ 

1~~~lU'U (4-,1.5) Al 4 VlmtJ(h~I'Ul'U'V'itJIUlrl~l1V1ul~im_h::;l~e:Jth~l~tJl~TUl'U 4 fit! llfl::; 1.5 

VllJltJO-l vll-:Jlt! 1 .rrlllJ~ 30 'UlY] VI~~~lmit!~tJIUlrl~~ 4 flt!ih~ltJ~tJt!VlUl~hJvlIUVl".i0~1ViWthtJ 
" 

- -- I 1} l=?hi 
N ame: Typer "'-!I 

~ ~l IBosed on Schedule 3 
Schl!dute N .ame: S c:~dute R ule: 

[S;--C:-h<--;--'--e~ .... · 19nO- - - _.dul 2-----=-!- « ~ 

Costs 

Busy I HouL Idle I Hou" Per Use: 


10 0 10 0 ;uo 

StilteS e( Name. 

Fdilules: 

I Add,., 

Edit. 

Delete 

P Report Stallstic s 

~'I Canc el I H elp II 

s" t 

Nome: Typ e: 

...:J ! Res ource 

Members' 

I~_--' _' ..l':'':; Add",ICh eking case hislory and making new appo.,- ----' 

Edit... 

Delele 1"0""''' 


! mz==J HelpCancel 

mY1~ 3.12 nl".illU~Vlf~tJlm tJ".i~l.flVl'(Je:J-1 

'V'itJIUlfle:Je:JnlUt! 2 tJ".i::;l.flVlv1ltJfhi-l Set 

Spreadsheet Module 

Sch.dule 

Name: 

Module 

I 11 l...,.&.,j 

Formal Type 

~ I 

Cancel Help 

r:"'- , -c;; .:J~ ', ."-."""" --------, ID urolion 

Type: 

ICaPdcily 

T,me Units: Scale Facio< ' 

Durations. 

1
4
,15 ~ , . ..;..!J>.b Add" ,I 

,0.7 5 
Edil " I 
DeleleI <E~"" 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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o 0 0 d 

3.5 nl 'anlVl'Ll~~l 'Lld'Ll 'atJun l'a~l~B'l~mtJnl 10.1 

1 'Ll nl'J~ If! tJ .:j~ (ll'l.ln 1 'J ruJ'U ~lLU'Ll lfItJ-1:lJ nl'J nlVl'Ll~ 'JtJ'U'VtJ.:J nl'J~'Ll (Ru n) 'vj ~tJ rIl'J'lh:;m f1 ~ f! 

l VlL Yl(JW'W L ~ tJ f! V1f1l1lJ II'lhU"Jl'U'VtJ~~ f!~'V'lt5 nl "JVll~l'Ul'U'JtJ'Ui.'\ llJl'J flVl11vi'~-111 

2 

R ~ e:J i l'Lll'U 'JtJ'U1'U nl'Jilfl tJ .:J~ fIl'Llnl'Jru 

t~ ~tJ Alfll'Jll'.\)nLl'.\)-1 t Vlf1l11Jl:UmJ'U I-a llf1:;tJ'H'll€l~'J::; 

~e:J All~ !'.I-.ll'U'UlJl(?)"J)ll'Llvhvi'~ln nl'J~lf!e:J ,:nde:J-1lf1'U 

~e:J A1All1Jt:iV1Y'lfllV1~(JtJ1J~'U1vi' 

v 

LV1!'.1 	 ho ~e:JAl Half Width '.\)lnnl'Jnl'vj'UV1"Je:JUnl'J~lf!tJ'llUe:J-.llfl'U Ro 

h ~tJAl Half Width ~(Jtl1Jf'U1vi' 

nl"Jnl'vj'UV1~l'UlmtJ'U1'Unl"Jf'U~l (Number of Replications) ~ lYl(J-1'V~m~tJf!V1AlllmU'JU'Jl'U'lJe:J-.l 

~ flR'V'l5 LV1 (JoVe:J nlVl'LlV1'UtJ-.l'Vll-.lL 'JWltJl'Ulf! nlVl'U V11VIllf!l"Jl1JlU~ (J1 'U'J:;'U'U:lJAl Ha lf Width ~ (J tJlJ~'U 

15 "" 'Ul'VI 5 "Je:J'U 

1'Um'V'l~ 3.16 


TOl31 Time f.IiMn.... ,,- t-, - ~T'.",~J't. UiN'l'\.rr r\ \ ~I~t..~ :

""/..~ t. ,,~~ ~-= 3-:t-= \.'.. IvE: \.3!l,..<!;'H.:!! 1f ;". 1.:::1 " 

81'JOol le51 pli~nls 25753 17 .71 24045 272.06 161 .31 309 75 

G~n9f31 P3tienls 151.42 9.10 14652 16370 400580 19442 

Xra) ptients 226.89 24 .01 207.04 254.98 106.64 300.53 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 

http:UiN'l'\.rr
http:nlVl'LlV1'UtJ-.l'Vll-.lL
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#I-:)J'U1Unl';irl(7)fll1lJbb'lhtJ';il'U1~fh Half Width lJfh1JJlr1t.J 15 'U1Vi mlJ~L';i-:)'V'ltJ1U1rlfhj..'1'U(7)H ~.:J 

~El-:JATtnru'Vl1-;;)TuTlJ';iElUlUnlT~\.JtJ';i::;lJlrlj;,JrlJ1 (R) L(7)tJA1 ho "il1m::;UUlJA1 240 1 UlVi lb(l::;A1 h ~ 

tJEllJ-SU1~lJA1 15 UlVi 

o ~ ~ 2 21. 1"ilTUll.J';iElU 'lJn1';iu';i::;lJlrlj;,Jrl'll1 (R) = 5 x (24.01 / 15 ) 

~ 12.81 'lElU 

t:-lrl~'V'l5~~"il1nnl';if1TI.nru ~ElWhn1'l tJ ';i::;lJlrlt:-lrl'l::;Uum(1)'-;;)lrlEl.:J~'U 12.81 'lElU r.Jl~tJ~-:J1(1)' 
~ 

v 

v\'1.:J1'U"il~ .:JU'U~El.:JiJ nl';i\9l';il"ill:'1eJUfIl1lJDn IiiEl-1 (Mode l Verification) LLrl ::;fIl1lJ (\lJ l 'Vl\916U..It:-l rl'UeJ-1 bl1JU 
~ , 

-;;)lrleJ-1 (Model Validation) nm.J~"il::;L11';i::;UU~1(le:J-1~1~1:'1~1-1~'U1 'lllil'u'U(;)lbWl'U'Ue:J-1';i::; UU"il~-1 

v 

bb(\(7)-1 b~'U'Vn.1 nl'l b~'U'Ue:J-1r.JthtJ bb~rl::;tJ';i::; lilYl Yll-1 bbt:-l'Unr.JthCJ'UeJneJl~nm';ilJu'U 1:'11lJl';iC11~U~nl';i bbn 
~ ~, 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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Number In rllll1llmUll l fvlt)x 1111 Uill 

A\'8 f l\98 Hnlf W.dth AVe rl1~:H.~ Aver3ge 

Blood test pat.en ts 140.23 8.70 107 .00 158.00 

General Patients 8 1 923 1 541 72 .0000 96.0000 

Patients 238 .69 8.93 210 .00 250.00 

Xray patients t6.53&5 2.32 11 .0000 24 .0000 

~JD Oil~ 

20J ao:) 

?~l~~;;" 
. ,\! 

If , , 

'~ .' t,;~~ .. , ,I ., . 

I ­;';) OOJ 
c e'<l« 'et ' :'ll~ ' I~ 
o "'''.~1.e'.~ P,l" .... 1tJ;

i 2J 000 0 t .• ··,':1 
D .':.) , f\lr.~I~ 

" :; ODU 

" J O:<J 

j
000 

Number Out Mlflll11Unl Muximum 
Averuge HnH Width Average AverGge 

Blood test patients 140.23 8.70 107 .00 158.00 

General Patients 81.9231 5.41 72.0000 96 .0000 

Patients 238.69 8.93 210.00 250.00 

Xray patients 16.5385 2.32 11.0000 24 .0000 

Total TIme 
Average HolfWidth 

Minlnlum 
Avemge 

M[tximuOl 
Avemge 

Minimum 
Volue 

Maximum 
Value 

Blood tesl pati ents 262.71 10.39 240.45 295.32 141.90 330.84 

General Patients 157.85 5.39 146 .52 175.16 25.3615 2 11 .59 

Xray patients 230.00 11 .17 207.04 258.62 106 .64 316.79 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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13 'H)'Util-1f1l'VfVl 3.18 lAtJrhmo.Filln Avera~e Total Time ± Half Width ~-1i,'lllJl'JflC'qtJl~ll 

bb'U'U~l(1e:J-1~i,'1~l-1~UnU'J~'U'U\)~,:j'Ue:J,:j'Vll,:jh~'V'ltJlUl(1h;U(i)n~l-1nU btie:J-1'.\llnAlbQ~mlrn'JllJ1'U'J~uu 

·lJe:J-1~U l(JUAbb~(1~tJ'J~bflVlvhlil'.\llm~'U'\J'U'.\l\)Uu,tiu e:JtJfIltJ11il'li1-1 95% Cl 'Ue:J,:j'J~uuvhlil~l(1e:J.:j~U
" , " 

'll 'a ~ bfl'V1'U~.:j ~th EJt!~ 
\J 

b161l'J1:mQ~tJ1m~uuiJ~~uu, 

(ulVi) 

b161l 'a1lJ bQ~ tJ1U'a~UU ~l61~.:j (Ul Vi) 

( 95% Confidence IntervaL) 

til d t.I d 

e..Jth tJ'V1(i)e:J-1b\) l~ b(1 e:J ~ 
" 

271 252.32 - 273.1 

v I .c:.I tJ ~ d" 

e..JthtJ'V1(i)e:J.:jbe:Jn'IJb 'W 
" 

163 152.46 - 163.24 

~u ,dtJ~11tJ 
" 

238 218.83 - 241.17 

t-J(1~V'l5b l(1l'.i€lflvtJ'Uv..:l'.i~'U'Uvhlil':\ll61v.:j~U\)lnnl'.i\.h~m(1t-J(1.al 13 'av'\J ~'<ilVl1,.;''U~nl'J~l-1 "l 

bbi,'l~.:jv1,:jfllV'l~ 3. 19 (1llJl'.ifl,jllJlb~EJ1J1t.1vEJlu'JtJ'Ue:J-1u,e-Jufl:iJmlYlmt];j (Histooram) til-1i1lV'lVi 3.20 
'U 'U 'U ::, 

nAU(i)'.i~lh'l1lilf1l\b '.in '1 '.\llnJu~U1E.Jn(9)eJ.:jb~mlrn'.i€lfl€lE.J\)Unll\)~~.mrn 7:00 U. V'ltJl'Ul(1 ~.:j\J~b~lJ 

b~ tJ n~ultJlJl~ntJ'.i~l~ 1U~lU'Uv.:j nl'.i'.ie:J(i)'.il\J1U'.\lQE.J ~thtJlile:J.:j'.ie:J'UlU i,'ll b'j)j(i)bUUbV'l'Jl~bbV'lVlU(1.:j(i)'.il\J
" '" 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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1~'U~nl~1~~t-l~'U L~BYl;;)~i,nJl~(1(lm~ tJ~Ll(lWElflBtJ~l-l '1 (l-1 LL(l~'Yh1~Ll(ll~l1J Lu~ tJ1'Ud~'U'U'lJB-l 

~thtJth~L[1'Vlliil-l '1 (l1?1(l-l1~lJ1nnll1 ~llm1v\1~V111J~~-lLth\lI1J1mm11 

.dI c::. 

Vl~BB1~ Ln 1?1~1 nVll'lJB-l LL 'Y'I'Vl tJ LLI:1 ~VW1'Ul(l n 

v , 

VI-lYlbflA;;)lnlii'lc:J{hmm
" 

QJ ~ ~ 

(Causes and Effect Oia~ram) til-lLL~I?1-l1'Um'V'l~ 3.21 

}-----'-------r------------+-----------j nl'l'lBA BC.J'YlUll1.Jl1.J 

~lLVl~1 Vl'1i'l 1V1LLn ~lLVl~~Lnl?1~l nm~'Ultlnl~1~'U~nl~'lJB~Llt:.J'Um:n~~m~1J ~lLVl~~ln(i)l~thmB~ 

~ 1 L VlVl~l m'IJ LL'U'U nl~~I?1l1-llLt:.J'Ue:J-l'lJB-l LLt:.J'Un LL(l ~(,\lLVll'l~ 1nVl'r~tJl nl'lJB-l'Vll-l LLt:.J'U n , " , 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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" ~l~U~UnBl~~n~~~~l 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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~thtJ~l'lJl\)jfl!~AlI~AVl~ll i1'€l-:Jmnel'UnmLU 'U lli:1I 'ln U m(9)'€lAlnVlU(f)':ifillv'lA -)l'U'€l~U':in'l 

L~'€l~-;;)~lv'l-ru f1l"i-rn'tflri'€l'ULL~l'<il~;;'1lm':ifln~UUI'Ulv'i\~l LL(f)1'UAlI~ Lum ~-:Jf1l':i~i1'€l-:J1tJ ntl'ULli:1ILUVl 

Vhnl"iL UWlm'UI'U ~:::vh1~~thtJ~~nll(f)'ULtl-:Ji1'€l-:J"i'€l'Ul'U nlIVWIUli:1-;;):::L~ tJnml:;)<8'ntJ':i:::l~ nll 
" " 

f1l"i1~~Vl5Y1 L1'1'tfMI-:J 1 LLri~th tJ L'li'U tJ(f)"iVl'€l-:J 30 UIVl-r n'tfI'Yln l"if1 Lu'UIK'U ~wh1~~-:JutJ"i:::mru1'Uf1l"i 

~tl~tJ f)"j rum.:] f1l"i LL'YIVl ~ v!~'€l~m~~mf1I"i-rn'tfl~thtJ(9)l-:J '1 ~'Illn\9i "il~vf-:J'IlI'UlWb 'V'I'Vl ~Lbi:1::;'VWIUli:1 

SuihhnVl b~'€l ':] ~lmb'V'I'Vl8bbi:1~'V'ItJIUli:1 LtJ'U~IK'€l-:Jf1l"imn LLi:1::;'IlI'Ul'U~thtJ~ L'~lm-rUnl':i-rn'tfl~tll'UJ'U 
" 

:;) In f1l"ilLf1':iI::;v1~l'U1V![U Ln\9i~'Um:;)1 nf1l':i~~\Jlmilm-rUnl':i-rn'tfl n'€l'Unm LU~l'\lhnl':i'Ul'U L~tl-:J-;;)ln 
~ " 

"i::;UUU\9i'U'€l-:J'VlI-:J 1"i-:J'V'I tJIUli:1t!'Uhi'lim~'U bLi:1:::hi~f1l':if)"j::::;)1 mLtJnUVl~ultJ'€l'€lmu'UnrimJ'€ltJ ~l~tJ~.:]lv'l
" '" 
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Jll'V'fVl 3. 24 
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-'n- Il [J --f] ~L0 - - ---'-' - - ~ . 

630-7:30 7:31 -8.30 8:31-9:30 9:31-10:30 10:31-11:30 11:31-12:30 

b~eJ-l'\llm~uuD'\i11vllj~thtJn~:Ubblm~U b lmD'\i1~lli.'l1 7 :30 'U. ~-l'~\j'\llm~lJYW1Ulnb~:U
~ 1 , 

vll-lltlVlllm 7:00 tI. - 16:00 'U. vll-lltlltJ'Ullm 9 ~llm l~uulvnj~flntJ~utJl-l~'Uvl11~YW1Uln" , 

YltJ1Uln~v1eJ-lVhvI1Jl~intJld'~rie:J'Ullmvr-llb~llm 6:30 tI . 1 ~b~:Uvll-ll'UYl{eJ:unU'vW1Ulnf1'U~tI '1 ~ 

lln 1 7 :30 tI. ltJtI nl'i n\i1f1ll~ nllvll-ll'U'UeJ-lYl tJ1Uln n-llli1 (?llll-l nllvll-lltl'UeJ-lllYlVltJ bbn~Yl tJ1Uln~ 

:;Jlne:J-l~'U1vn.JltJ~tJUlVltJunUl'llll-lnllvll-ll'U1'UU'\l~U'Ulb61\i1-l~-l\911l1-l~ 3 .6 , 
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u'UVin 

.il'U'J'U 

1~'U'U 

1 

5 

1 

1 

3 

6 

1 

5 

.iTU'J'U 

1 

5 

1 

1 

3 

6 

1 

5 

b'J6n'llhnl1 

1~'U'UiJ~~u'U• 

600 'U. - 12:00 'U. 

6:30 'U . - 16:00 'U. 1 ~~. 

700 'U. - 8:30 'U. 4 ~~ • 

7:00 'U . - 16 :00 'U. 

7:00 'U. - 16:00 'U. 

7:00 'U. - 16:00 'U. 

8:30 'U. - 15:30 'U. 2 ~e:J,:l 

9:00 'U . - 15 :30 'U. 4 ~e:J,:j 

7:00 'LL - 16 :00 'U. 

8:30 'U. - 16:00 'U. 

o 

n6n'llllnl1 

1:::-'U'U1Vi~ 

700 'U. - 12:30 'U. 

7:30 'U. - 16:00 'U. 1 ~~ , 

7:30 'U. - 8:30 'U. 4 ~~ 

'U~nl1 

7:30 'U. - 16:00 'U. 

7:30 'U. - 16:00 'U. 

730 'U. - 16:00 'U . 

8:30 'U. - 15:30 'U. 2 ~e:J,:j 

9:00 'U . - 15:30 'U. 4 ~e:J,:j 

7:30 'U. - 16:00 'U. 

8:30 'U. - 16:00 'U. 
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"" 4U'Vl'Vl 

'U . - 1230 'U. 66~!;LLl~(J'Um"il-1m";)vhn'U'UtlWWl'Ul~ 1~CJ~~Ll~l1'Um,,;)vll-1l'U'UtlWWlUl~~-1 30 

tllVi ~mlYl 5Yh~m1~-1vl,jd 

Num ber In 
Aver0ge 

Blood tes t patients 147.38 

General Patients 84 .3846 

Patients 245.08 

Xray pa tients 13.3077 

2~O.OOO 

2JQ 000 

200.000 

160.000 

120.000 

AO.OGO 

~ Q.O(}() 

.000 

Number Out 
A\'ernge 

Blood test patients 147.38 

General Patients 84.3846 

Patients 245 08 

Xray patients 13.3077 

Holf Widlh 

5.03 

4.14 

4.64 

1.63 

f....llnirnurn 
Av emg e 

137.00 

69.0000 

230.00 

8 .0000 

HaifWidd1 

5.03 

4.14 

4.64 

1.63 

MU'1imUiIl 
Avera ge 

137.00 

69 .0000 

230.00 

8.0000 

Mnxlrnum 
Average 

159 .00 

95.0000 

250.00 

17 .0000 

Maximum 

Average 


159 .00 

95 .0000 

250.00 

170000 

[J (,.k :>o: (e~! "allCr:~ 
C G s.-"Y.' --ol"O,)! otrIla 
a P.l(~"l!: 
O ~(.J f;lo.): U.t : 

m'W~ 4.1 ~ ~(\Yi5'U tl,j~ l'Ul'UiJth tJ~ L oUllJl1 'U ";)!;UU bb~ !; tltl f)-;;)l m !;uu 'Utl'l"i::;'IJ'IJ ~Ll full";) '11VIlJ,
" 
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ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



59 


1'Um'V'l~ 4.2 llfl~?!lm'jml(1~,:j1'U~u'tm,:jll(;.J1.llJ:Ubbvi,:j (Histo~ram) vl,:j l l(1~,:j1'Um'l'l~ 4.3 V'jUll~thtJ1il 

llm'j€lA€lmQ~m.Jln~?!V1 8.07 'UlVl ~';JV1~nU'j~l~ llfl~ 1-iJblm'j€lfl€lmQ~tJ~\J,V1\i1'jl';J1U\J.rtJ~ 6.45, , 

Waiting Time 
Average Hnlf Width 

IVlinimun1 
Avewge 

MoxlmuOl 
Averoge 

Minimum 
Vnlue 

MnxlIHulll 
\lnlue 

Checking case history. Queue 8.0724 2.40 3.8495 15.6163 000 38.3813 

Diagnosing.Queue 6.4504 .78 4 .9434 9.3099 0.00 76.0883 

Getting queue card .Queue 0.00123930 .00 0.00074123 0 .00189245 000 007768599 

Making new appointment 2 .7628 1.08 1.5724 7.6118 000 29 .9074 
card.Queue 
Mornitoring pressure1.Queue 0.1641 .06 0.03578312 0.4216 0 .00 7 .3467 

Mornltoring pressure2 .Queue 0.2575 .12 0.07245779 0 .7672 0 .00 7.3041 

Mornitoring pressure3.Queue 0 .7813 .36 0.1390 1.9906 000 7.1702 

Recording patients 0.1983 .03 0 .1375 0 .2849 0.00 4.5507 
information.Queue 
Screening and getting queue 0.5779 .19 0 .2681 1.3054 000 12.0166 
card. Queue 
Screening before 0 .1578 .04 0.0940 0 .2901 000 3.7696 
diagnoslng.Oueue 
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~ 3.00 
" oJ. 

:!.. 2 .00 
> 
-:: 1.00 

0.00 

0.00 , 
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2.76 

J l.33 
0.78 0.58 

; 0.16 0.26 0.16 u,I 

LJ u<-1 LJ.. 
Ge:t ing queue (hN -i<l-(lg case 

ca,-d history 
Morni tofing 

pressure 1 
Mornitorillg 

pressure2 
Mo(ni toring 

pres~ure3 

Recording 

patients 
Informz tion 

Screening 
before 

diagnming 

Di ag--n-~j ng 5((eening and 
getting queue 

card 

Making new 
appointment 

card 

St:llions W Averag. e wai tiug time of stations 

Total Time Minimum Mnximu lll Minimum Maximum 
Average HillfWidtil Average Average Vnlue Volue 

Blood test patients 175.86 2.74 170.54 184.6 3 121 .19 264.60 

General Patients 46.3740 3.25 37.0717 53.1173 10.3170 127.90 

Xray patients 128.70 3.58 120.69 139.32 83.2559 193.48 

262. 71 - 175.86 = 86.84 mVi (1 ~lhJ--1 27 'Lll'Vl) A(11l'1JU 33.06 % 
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2. ~thtJ~lileJ,:jleJn'lJl~tJneJ'UliJTI'''IUll'''~VltJl(i1lJiJL l~l~llJLQ~m(i1lJ1'U~~uu 230 'U1V1 L~mJfuU1 ,:j 

~~uu1VlJJ""lu-hiJLl(11~llJlQ~tJ'l'U~~UU 128.70 'U1V1 iJ Llm~llJ1m~UULQ~tJ(1Ii1(1,:j 

230 .00 - 128.70 = 101.03 'U1V1 (1 ii'lLlJ --1 41 'U1V1) f1li1ltl'U 4404 0/0 

3 wtJ1 tJ...rll uiJL~bJ iJ Ll611'lllJLQ~m(i1lJ1'U~~uu 157.8 5 'U1V1 L~eJufuu~--1'l~UU1'v'!l.J"'~UlliJLl(11
~ , 

~llJL Q~CJ1'U'l::;uu 46.3740 'U1V1 iJLl(11'lllJ1'U1::;UULQ~tJ~Ii1(1--1 

157.85 - 46 374 0 = 111.476 'U1V1 (1 ii'lLlJ--1 51 'U1V1 ) AIi1LtJ'U 70.62 % 

'li1--1Ll(1161~ 50 fI'U ~llJltJ 'U 250 fI'Ul'leJl'U ~llJfi--1nl~61\i1l1mnwvh--11'U'UeJ--1'VW1U1(161--1 30 'U1Vl ';j)ln 

L(i1lJ'Vi tJ 1Ul(;1l~lJvll--11'ULlm 700 'U. LU~tJ'ULtJ 'Ul~lJvll--11'U1'UL1(;11 7:30 'U. 'ViUll~llJl~f1(;1\i1 ~::;tJ ::;Ll(11 ~eJ 

f1eJtJ'UeJ --1 WtJ 1 tJ(;1 --11vl'mh--1lJ1 n LL(;1 ~'Vh1VlL 1(;11'lllJ 1 'U~::;uU'U eJ --1 WtJl tJUli1 lll'l(;1:;U'l::; LflVI(;1 1i1(;1--11vl'lJln nll 
~ 	 ~ 

3':<' - - -- ­

262.71 

• 	 O~\.Juri(J 1.JlJ rulj~~ 

l1fi'~rn,;u~ulJ,\~ 

157.85 

- 230- -

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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ll,\,IIVl 8 '<il ~llll;;n'jllJlu~tJh.!'j~uu 26271 mVl VI~€l 4 illlJ~ 23 'UlVl l~mJfU'tJ~~'j~uu1V1ljY'lu"hll 

llr1l'jllHu~tJ1'Ll'j~uu 175.86 'LllVl ~ultJ~lllSf) '11 l'jcJn€l'LlY'lullY'lVlcJllllr1l'jllJlU~tJ1'lJ'j~UU 230 mVl 
" 

= 
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61';iue-J6'lnl ';il~8 bb6'l ~oif e:J b61'We:Jbb 'W::;
, 

J"~U'IJ1 \X~ri.:J~Ullfl~c1-le-Jfl1\Xl1fllJ"llJlil~ tJ1m~'IJ'IJ'lJ e:J-l~U1tJ fl(9lfl-l'llm~lJ 1(9ltJ1Jl\Y1~t1J"::;C1-lfil'~e:Jfl(9ll1m 

'lllJLil~ tJ1'Lr;i~'IJ'IJ'lJe:J'l~U1 tJfl'l1 \XlJl nnl1 1 i1h.:J 
'IJ 

1 'lTYltJlUlfl llfl::;~l~tJ1~'V'hm'lln'IJJ1'IJ'lllJie:JlJflVl1.:J~1'LH1fllnlJ"1\X'IJ~mJ"~ultJ~~(9l'IJ~nl'l1'11'l'l 'lJe:J.:J 

Lle-J'Une:J1CJ'lnJJ"lJ ~ltJm'l~Ul1fnl(9ltJ1iu1~nl~'lJl1fll ~1'U1U 50 f){--1 1Ulll'1fl::;'l(9l'IJ~nlJ"1u61,t.J'Un, , 

nl'le:Je:Jnu 'IJ'IJ1UUUVlnl1flllLfl::;'lJe:Jf)11lJ~llJiJe:J'lln~ tJ1U1fl1Unl'lfl--1UUVi m 1fl1 lv1mlllJlJ"mn'IJoUe:JlJi:l 
'IJ 

~lUl1fll1'UnlJ"1\X'IJ~nlJ"1~ 1'U~lU'lJe:J--1e)\Y1'llnlJ"lJll(9ltJ Lil~ tJ'lJe:J'l~UlCJ ~l~tJ1~'\Ih nlJ"lnU'll'IJJ1lJ'lln 
'IJ 'IJ 
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tll~'ln'l'llJ lvHJ 1.u1U'lLLn'llJ,h(1 tl.:J(lfll'Unl'lrutll~th (Arena ve rsion 100) 1'Unl'l<Jl(1 tl.:J'l~UU'lJtl'l'Vll'l 

l'i'l'YmlUl(1 'lllJO'llll'llOJ(ltlUAlllJOnliltl'l (Model Ve rification) LL(1~mlJJ(lJJLVI(i)(lJJe-J(1 (Model 
~ , 

Va lidation) 'lJtl'lUUU<Jl(1tl'l~CI~l'l~'U l~tl1iL'U'Ut1l1LLVl'U'lJtl'l'l:;uUnl'l1~u~ nl'lOJ~'l ritl'U~OJ~u11U 

llfl'll::; ~L~ tlV11 LL 'Ul'Vll'l1 'Un 1 'lU -rUU'l 'l , 

tltlnLU'U'Ull'lnm 'Ill'lLlm(1~ 1 illJJ'l ~'llL~nm 730 'U. - 12:30 'U. <Jl'Ul'U 5 't51'lLlm 1'ULL~(1~ 

'Ill'lnfllm~tJlv1'1'hnl'ln'l::;0J1tJUVle:JthtJtltlm~'U'Il1'ln(11(1~ 50 'lltJ 'llJJe:JthtJ~~),l'U~'l~'U 250 'lltJ 
~.~ ~ 

7:00 'U. 

-rUnl'l-rm:ll~n(11 7:30 'U. 'V'ltJlUl(1~'lhJ<Jll~WXtl'lL~JJ1~u~nl'l~llm 7:00 'U. ~n~tllu ~J(1nl'l 

u-ruU1'l'V'lu ':h mm'l0(1Vlnmdtlf)tltJ'lJtl'l~UltJ~~VlU~nl'l(;)1'l1 (1'llv1'mJl'lmn ~'lL~'Ue-J(11~ll(11'lllJ 

lw~tJ1m~uu'lJtl'l~thfJU'l::;l[)Vl(;)1'l1 (1Vl(1'lOJlm~JJmnn11 1 il1JJ'l lVltJll(lVl'lLlm'llJJLw~tJ1m::;uu 

'lJtl'le:JUltJ~'l 3 U'l~L[)'Vl~flVl(1'lvl'l'ii
" 

L~'U 33.06 % e:JultJ~liltl'lljnl'lLSn'llL'l~ritl'U'V'lULL~'Vl~ijn(11'llJJLQ~fJ1m~uu(1(?)(1'l 1 illJJ'l 41 'U1y]
" 

A(?)L~'U 44.04 % e:!UltJvi'11um1Jij nl'l LOJ1~ L~tl(?)ll(1~LBn'll L'l~ ~(llm'lO'V'lUll'V'l'Vl tJ'1J1L(1 tJij L1(11'llJJ Lw~ tJ 
" 

1'U'l~UU(1Vl(1'l 1 ill:!J'l 51 'U1y] AVlL~'U 70.62 % 

~'l e-J (1 nl'l'VlVlfltl'l'iiOJ ~ 0 nUl LCI'Utl~tl'Vll'l LLe-J'U n tlltJ 'l n'l 'lJJ'lJtl'l'Vll'lL 'l 'lVW lUl(1 CllJ'Vl 'lU <n nl'i ~tl1u" , , 

L~tlL~'U'Vll'lL~tlnV1~'l1 'Unl'lU -ruu ~ 'l'lJtl'l'Vll'll'l-l~tJ1U 1(1 n 1 'l LL 'Ii-l'n''U'lJtl-l'l ::;UU-ll'UU~ n l'l~ij LL 'U1LtilJ 

'l'ULL'l-lL~JJm n~'UL~mJ'l 1'UiJOJOJu'U nl'lu-rUU'l-l'l::;uUnl'l1~U~ nl'l~'il ::;1'h 11XCllJJ1'l fl11Xu ~ nl'lllrie:JJJl , I q , \J 

1'h1~tl-lr1(11m'lmOJ~qJl~ul(i) ll(1::; flllulV1tiltl-lr1n'l~'U 1 ~ LU'U~Ll 'Ii-l 15nldo.l1(1 tl-l(l fll'U n l'l ruL~'U15 

V1~-lYhv1'-rUf)11JJUtJJJll(1::;ijU'l~~Vl5rn~1'Unl'l LLniJruV11 l~ tl-l'lll n nl'lo.l l(1tl-l(\ fll'U nld ruijf)11JJ(lJJ lV1 (i)
v , 

(llJe-Jfl (\lJJl'lfl~~'il'U'1v1'mtJ1IiliJ'Il~tJull'ih (Input) U(1~U1JJllu~ tJUL Y1 tJunue-J(1~'V'l6 (Output) ~d~UU 

U'l~m(1 tltl nm vl-lJ'U ~-l(llm'l fI'llltJl Lf)'ll::;~Q-l(lm~iJ ruVll~ L'u'UtltJ1 'UiJ'il OJ U'U'lJ tl-l 'l::; UU LLfl ~'llltJV11 
v '\J' 

(lfll'U nl'lruJ'U(lllJl'lfl'VlVl(1 tl-lU -r'll L u~ tJ'U'l::;UU L ~tl'Vl 'llU D-l e-J (1 ~'V'l5'ill nnl'lu-ru L U ~ tJ'Ulv1'lVl tJhJliltl-l 

~'ULU ~ tl-l A11i~ 1 tJ1 'U nl'lU -ru u 'l-l 'l ~UUOJ~ -llVl tJ~ cJ-ll1J (llm'l fI~ e-J fl~'V'l5~OJ ~ l nVl~'Ulv1'~l-lV1ti1 lL(1 ~ 
q " 
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5.2 iimb61'Umb'U~ 

.Jl'Ui~(Jffiv1Vhn1'lAfl'\'ilbbf1~~~l'HUl'l~'IJ'lJI.~(JlJtl.J~[nv~"j'JlJ uU.J~\JwmJflb'u'U 3 ,-h~UWl 
~ 

1'Uf'IlllJ b'u'U~~.J ml1 1'ULLI:-J 'Ufle:n~'l fl'l'llJl~\..JiJ fll'll~'IJ~ fll'l-rfl'l~l~th tJ~Ul (J L u'U I.'lfl~l.J 1 Vlm tJ'lh~ Ul'Vl 

~.J~:;iJe:rUl (J ~l'UU tl (JLJl.J'-h~Ul'Vl~~ ~iJ'lU LL 'IJ'IJ fll'l-rfl'\'il~~l.J tltl fllU L'V'U e:rultJ~ilB.J LW fl tltl fll U \I1'll~ 
~ ~ ~ 

L~B~LLf1:; L~ fl 'IH'lcJJlB flflf.JVl~.J":\llfl~'IJ LL~'VlcJLL~l ~.J.Jl'Ul~(J1'Uflf.J d":\l~hi1v1~~ l'l rulfl 'l tl'IJ flfllJ. ~.J~ll..ld 
vh1,;'l:-Jfl~'''I5LlfllvfLv1~lfl n1'l~lf1tl.J'l~'IJ'lJJ'Utll~flfll~ LfI~ B'U1U":\ll flfllllJ Lu'U":\l~.J L~ flUtltJ L~mlllU 

U'l~~ flv1l.un'lJ'l ~u\.Jn1'lvh:n'Ul'U'u":\l~u'U'Ue:J.J'Vll.JI.'l.J~(Jl'IJlf1 Llf1l1'Ucil'U~l.J 1 'Vtl.J~UltJtll~":\l:;iJAllJlfl 

~l..lfl 'he.-!f1~~5mv1":\llnn1'l'Vl(?)f1B.J1'ULJl.Jcil'U 

ll..lfll'l~lf1e:J.J'l~'IJ'IJ fll'll~'IJ~fll'l~\v1U'l ~(J fl(fl1mU'l LLfl'llJ~lf1e:J.Ji:'1 m'Ufll'lrutll~Ul LU'U'Vll.JL~tlfl, 

i:'1llJl'lf.llm5~ l..l1 Vl~e:JI.U'lLLfl'llJ~l..l1 l'Un1'l~lf1tl.J L'lil..l A~ent Based Lu'Uill..l ~.JC1llJl'lf.l'lil(Jvh1~ 

LL 'IJ'IJ~lf1 B.J~i:'1{l.J~'USUiJflll:Ulfl~LA tJ.J n'U'l ~'IJ 'IJ fll'lvll.Jl'Ull..lu~~u'U:u l fl ~.J~'U, 
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v 	 v , 

- n~l'Jl llU'?W'lJru'lll, 2544. nl~l~l'JoU'Ui:lbU'U,.1l'U • nl~lbfl~l~~b:U-ltJ~lJ1ruV1l-l15~n~ Y1lJ~f1f-.lVl 6., 

n~-.lbYI~·t 1~-lY1lJ~m;j-l~Vll~-lmrulJ'Vnl'Vll'Jl~l'J. 


- vitl?1n~ bm'tJ\lllU'll, n,j~ 1"l ~ 1JtJ~~fIlY~, 2549, "nl~lbfl~1~~nl~1j,\~'Utl-.l1?1V1h1l'JHn5~liltl-l
..." , 

?1fll'U nl~ru~ll'JfltllJ'~lbVl tl{ m riJrin'tJl ~~UU nl~'U'U~-l~'U~lmClI'J'Uv1'Utl-ll~ -l-ll'U~~\il~ClI'J'Uv1 v1lmh-l", 

tJ~ rurul'U~'U5f1l'fll'UllP1l m~lJ tlVlmj,\nl~ fl ru~lP1l m~lJf'l1(1\il { lJj,\llYll'Jl~I'J 15~~ lJP1l(1\il{ 
~ ~ , 

- ~'tJUl ~ Cl n'tJl-W'U~fVlU, 1<mU'Lll'1 ~'Ullnl bb~~ l')~(l 15'UlfntJ(1~(l, 2550. "nlT;;)l(ltl-l(1fll'Unl,)ru 

VlllJj,\~n nl,)'Utl-lYi Cl'tJ5.umh nV1byjtlnl~tJfUtJ~-l?111'J nl~~~\il bb~'Ul-l~~'llUV1ritl'U" , lmm,)lJ(11,) lJ'U. t1vi 
34 Q'lJUvi 4 (459-464) mnDlfllJ-~-l VllfllJ. 

- tJ')~f1(1(1') ~~mJ-llJ-.lfl[11fll\J lYll'Jl'U'Uvllb(l~ ~~-l tJ~'lll'U'Uvl, 2553. nl')[1V1nmm~Ul'Unl')bVl~tJlJ, 

- 31. 


- ururu-W\iU ~eJ-lmb?1DI'J,) bb[1 ~-W'll~lmru 'vh'Um~nil, 2545. "nl')b~lJtJ,)~~Yl6m~1V1(J1ib'VlflUflnl,)

v v cU '-l 	 \J 

~l[1tl-lbbUUUbl!j,\l mrurimjl b-l~1'J1Ul~~'Unlbb'Y'I-l" tJ~bl!tl!lu~'U51mm~lJP1lr:1\il~'lJruo/i\il mfll'Ul 

lmm~lJtl\ilr:11j,\nl,) f1ru~lmm,)~H"11(1\il{ lJj,\llYlI'J1~m~I'J-l1mJ., 

- ~,)oUl'J j,\-lr11(i!J'U~~ 5U~ v1ru'f1~l\ilij~ ~'tJUl ~~n'tJl-w'U~f\ilU bb~~V1'Y-W'U~ l~l,),)ru, 2553. "nl,) 

tJfUtJ~-lf1,.mil~nl~~V1(1,),)'Vlf'Y'Wlmvilj,\lJl~(1lJ lV1l'J1inl~~l~m(1m'Unl~ru mrurin'tJl bb~'Un j,\ fltl , 	 " 

103. 

-	 lJ-lflil lru'Ufln~h\i1'Ul, 2549 . " nl'i(1~l-llbUU~l[1tl-l'i~U Ullfllfltll'J1'U bb~'Un~th l'J'Utln bWW1Uli:1P1~ 
" 

loUtJ 3," lYltJlU~'U51'Vl1'J1P11(1\il'ilJj,\1'IJru.-n\il, lJVnl'VltJl~I'J15~~lJP1l(1\il{ 

~-lf\ilu .n~'lH~ru , 2551. " flij€lnl'i(1~l-lbbUU-;;)l~tl-l~ll'JltJ,)llmlJ Arena Q1JutJfutJ'i-l," ~lJ~f1f-lvi 
'I v '" 	 , 

.Q.Q.ldG ~ o<v 

1, U'i'tJ'Vl 'lHtlV1 ~bfl'U'U '~nn\i1, n ~-l bYlVii 

- ~:h I'Jl f1Yl,)tl1 'Ill oUtJ , 2547. nl'ifin'tJlnl')tJ,)~tJnM(7]'lbluu bLCIlfltltJ1'Ul-lnl,)15'Ulfll~lYle] m-lb'Vl~ i., 	 , 

,)~1'J~llm'i€lfl€ll'J'Utl-l~lJlfuu~nw mrurimn b-l~1'J1Ul~\il')~nwYl'U~~ ~-lWr\i1€lUml'lJ15l'U", nl,)" , 
tJ~~'UlJl'Ulnl,)~ll'J-ll'Ulmm'ilJ€l\il({lj,\nl'i (IE Network 2010)., 	 , 
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- i.'lVlBm 'lll'Ulrun'lJ, 2552. nl11~8~1lb1l'U-1l'U m-1LVlV'li lVl8",II!l.JU 
,~ , 

- C Chou, C Chen and M. Caleb Li, "Application of computer simulation to the desi~n of 

a traffic si~nal timer," pp81-94, Computer & Industrial En~ineerin~, 2001. 
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rd 
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International Edition, McGraw-Hill, The MCGraw-Hill Company, Inc. 
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Boston : McGraw-Hill, 2005. 
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Jersey: Prentice Hall International, Inc., 1997. 

RE. Rhanon, "System Simulation: The Art and Science," Prentice-hall Inc., En~lewood 

Cliff, 1975. 
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Taha, Hamdy A Operations Research: An Introduction. 5th ed. Macmilian Publishin~ 

company, 1992. 

Taylor, Bernard W Introduction to Mana~ement. 7th ed. Prentice-Hall International, 

2002. 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 

http:lVl8",II!l.JU


Jl1rl~'\.J1n n. 

'IlmJ~5~11n11b'll1lJ11\iw bQ~~'1JeJ'l~ur,w1'Ubb~ ~:;'1i1'l b1m 
~ ~ 
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.u~lJ flel\il 'al nl'ab.ul m 
'" 

101mQ~ t'J~u"w1'Ubb~fl:;'l11'l blfll (A'll)
" 

6:00-700 7:0 1-8:00 801-900 901-1000 10:01- 11:00 11:0 1-12:00 

1 175 27 30 9 6 1 

2 180 32 16 7 8 5 

3 169 36 19 6 10 5 

4 195 34 24 12 4 5 

5 177 35 17 10 10 6 

6 150 33 32 2 7 1 

7 171 39 15 11 3 2 

8 lSi) 33 31 8 4 0 

9 169 27 18 2 9 4 

10 175 36 19 10 3 2 

11 181 21 26 11 7 0 

12 175 30 21 6 8 1 

13 184 29 16 7 9 1 

14 190 23 16 6 2 3 

15 179 29 12 12 5 2 

16 168 41 16 7 2 3 

17 155 44 23 8 7 3 

18 171 32 18 11 15 6 

19 200 28 20 13 4­ 1 

20 182 27 18 14 5 1 

Avera~e 175 31.8 20.35 8.6 6.4 2.6 

5D 12.73 5.78 5.62 3.32 3.27 1.96 
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bd~ ll~ ~~lVi'U~nl )~~~intl';i~101~thtJ (mYi) 
q q " 

1.00 1.30 1.05 1.05 0.52 

1. 17 1.67 0.60 213 0.75 

1.12 0.73 1.25 0.70 1.20 

3.00 0.88 1.0 1.88 1.42 

1.67 0.87 2.28 1.40 0.65 

0.82 0.77 0.50 1.58 1.45 

0.87 0.85 1.28 0.63 4.00 

1.23 0.68 0.63 1.58 1.48 

0.58 0.52 0.62 1.00 1.03 

1.03 1.18 0.57 1.17 0.83 

Averase = 1.16 , SO = 0.65 

nm1~~~1Vi'U~nl';i~~~l~f1dl:lJ~~~thtJ (l.IlYi) 
q q " 

0.65 1.28 0.68 0.88 0.87 

1.00 0.90 1.27 0.80 1.27 

1.63 0.87 1.50 1.07 0.78 

1.00 1.02 1.08 1.55 0.80 

1.20 0.85 1.83 0.63 1.13 

1.43 0.95 0.73 0.80 1.38 

1.38 1.17 0.88 0.50 0.57 

1.77 0.63 1.85 0.65 1.85 

0.80 1.77 0.88 0.75 0.80 

1.07 0.88 0.92 0.92 1.00 

Ave rase = 1.06 , SO = 0.36 
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b16n'l'U 'il 1911VlU~nl '3.yj'il\il1J'UVif1'lh~l~ ~m~l (mVl), , 

2.47 217 208 3.03 2.48 

2.10 2.18 2.83 2.42 1.85 

1.93 233 2.25 2.05 1.48 

1.85 2.17 1.73 1. 78 1.55 

1.87 2.13 3.20 1.67 1.80 

1.92 2.47 1.45 2.95 2.12 

2.00 1.93 1.87 1.88 2.08 

2.05 1.92 1.97 1.57 1.82 

1.72 207 2.07 3.45 1.92 

2.15 2.85 2.22 2.37 1.37 

Avera\Se = 1.13, SD = 0.35 

blm1'U'V191hiu~ nl'l~'VI91Al91m1YlfleJ'U~u bb'VW1U (mVl), , 

2.60 2.30 3.80 1.87 3.67 

2.53 3.90 
-

2.17 2.18 2.05 

2.18 2.00 2.45 3.95 2.85 

318 3.00 2.02 3.67 345 

2.18 2.78 3.58 2.65 2.88 

3.42 
-­

3.12 2.78 2.77 3.27 

2.73 2.93 3.17 2.00 3.35 

3.28 2.15 3.40 3.17 3.20 

2.48 2.28 1.83 1.98 3.02 

2.23 2.28 3.43 2.78 2.78 

Avera\Se = 2.20 , SD = 0.45 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



72 

n6n1'U<il~1~'\J1n1'a~<il~~'al<il1D<il5vh~l~mb'Vfvlv ('U1Vi), . 
4. 13 2.72 185 2.20 4.35 

2.67 9.53 132 3.32 4.38 

4.90 4.88 103 5.00 7.78 

2.45 3.60 3.65 9.17 6.87 

2.50 5.58 3.25 4.38 8.50 

3.27 1.68 5.42 550 10.93 

2.43 3.42 167 2.05 4.90 

3.83 547 555 5.28 3.12 

3.80 3.67 5.28 1.97 2.72 

3.60 2.40 9.18 2.50 4.35 

Avera~e = 4.28 , SO = 2.27 

bl,nlU'ilVihXU~nl';i~'ilViAVI meJ'lV!~'l~tl bb'V'fV1U ('tHY]), , 

1.03 0.52 0.32 0.18 0.30 

0.33 3.18 0.25 0.28 0.42 

0.68 1.85 0.47 0.98 0.45 

0.82 2.22 0.55 0.27 1.03 

0.63 0 .73 0.43 0.37 0.33 

0.47 1.98 0.18 0.52 0.35 

0.40 0.42 0.62 0.30 0. 67 

0.77 0.58 0.35 0.80 0.45 

0.42 0.77 0.40 0.85 0.28 

0.48 1.82 0.60 0.42 0.35 

Avera~e = 0.60 , SO = 0.36 
-
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3.83 2.67 2.68 8.48 2.43 

6.13 1.28 2.43 2.05 4.20 

1.72 2.32 0.85 2.68 9.17 

2.92 1.33 5.25 3.05 2.67 

1.92 1.58 2.35 1.1 2 2.95 

4 .12 1.17 1.52 3.00 1. 93 

5.50 2.88 1.67 5.93 2.15 

1.05 1.12 1.22 2.62 3.00 

3.40 2.90 1.85 0.80 5.08 

4.57 2.22 2.82 0.97 4.15 

Ave ra ~e = 4.41 , SD = 1. 90 
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